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This summary lists the key findings of the thesis work on post-acute rehabilitation in 
Singapore. Rehabilitation outcomes of patients admitted to Singapore’s community 
hospitals have improved between 1996 and 2005 despite decreasing length of stay. 
There is an increasing trend in functional status at admission and discharge and an 
increase in effectiveness and efficiency of rehabilitation during this period. Discharge 
destinations have remained largely unchanged.  
 
The odds of nursing home placement are found to be increased in Chinese, males, single 
or widowed or separated/divorced, patients in high subsidy wards for hospital care, 
patients with dementia, without caregivers, lower functional scores at admission, lower 
rehabilitation effectiveness or efficiency at discharge and primary diagnosis groups such 
as fractures, lower limb amputation and falls in comparison to strokes. Social factors are 
the most important factors in predicting nursing home placement and accounted for 50% 
of the explained variation. This is followed by rehabilitation factors.  
 
Comorbidity and disability are independent predictors of mortality risks in patients after 
discharge from acute hospitalizations. In addition to widowhood and institutionalization, 
we also found a novel synergistic interaction effect of the comorbidity-disability 
complex independent on mortality risk.  
 
Most rehabilitation studies use admission functional scores as a total of 10 activities of 
daily living (ADLs) due to its simplicity. The final study showed that using a total score 
accounted for 64% of initial variation in the 10 ADLs. In order to capture 90% of the 
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information, only 5 principal components are needed. The different ADL clusters, 
including bowel and bladder control, ambulation and feeding were independent 
predictors of rehabilitation outcomes (length of stay, discharge functional status and 
destination, and/or survival), even after adjustment of admission BI scores. Although 
these ADL clusters were significant predictors of rehabilitation outcomes, the additional 
information explained in the multivariate models were marginal.  
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CHAPTER ONE: INTRODUCTION 
 
 
1. Context and motivation 
 
 
The population of Singapore is ageing much faster than other developed nations such as 
Australia, USA and most European countries. The rate of ageing is on par with Hong 
Kong and slower than Japan and South Korea. Those aged 65 years and above increased 
from 7.8% in 2002 to 11.7% in 2013.[1]  
 
Traditional measures such as short-term mortality are useful in acute hospital settings 
but are of little value in sub-acute rehabilitation units where death is a rare occurrence 
and rehabilitation is its primary function. Moreover, rehabilitation should be measured in 
terms of both effectiveness and efficiency, and not just final functional status as the 
latter does not account for the speed of recovery or achievement of rehabilitation 
potential.[2] Studies on independent factors associated with disease-specific 
rehabilitation outcomes and comparisons between  these rehabilitation centres of similar 
type and across time are needed. Such studies may improve our understanding of the 
factors affecting rehabilitation outcomes, identify high and low performing rehabilitation 
centres so that support can be given to improve their standards of care, and monitor the 
trends of rehabilitation outcomes with time, given our increasing ageing population with 
disability.  
 
Little is known about trends in geriatric rehabilitation and its association with discharge 
destination and survival. This chapter motivates the need for rehabilitation by exploring 
trends in increasing life expectancy, increasing disability and the evidence for 
rehabilitation in the elderly.  
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2. Life expectancy  
 
 
Life expectancy at birth reflects the overall mortality level in a  population.[3] Globally 
there has been a dramatic increase in average life expectancy. Although most babies 
born in 1900 did not live beyond 50 years, life expectancy at birth had been increasing 
and is currently the highest in Japan exceeding 83 years.[4] Global life expectancy at 
birth had increased by 6 years from 64 years in the 1990s to 70 years in 2012.[3] Figure 
1 illustrates the increase in life expectancy at birth from 1990 to 2012 for the different 
WHO regions as well as in Singapore.  
 
 
Figure 1. Life expectancy at birth (both genders) in year 1990, 2000 and 2012 by WHO 
regions and Singapore (Source: World health statistics 2012, WHO) 
 
Singapore was ranked in the top 10 in the world for her long life expectancy among men 
and women in 2012.[5] Compared to other high income economies,  Singaporeans now 
live two to three years longer on average than the citizens of the United Kingdom and 
the United States.  
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3. Healthy life expectancy  
 
Life expectancy at birth is not the most accurate summary indicator of population health 
as people could be living longer lives in disability. David Sullivan developed a method 
to capture expected years of survival free of disability by accounting for both mortality 
and morbidity in a single index more than 40 years ago.[6] Evolving from Sullivan’s 
work, the healthy life expectancy (HALE) indicator is the number of years that a person 
at a given age can expect to live taking into account age-specific mortality, morbidity 
and functional health status. The difference between life expectancy and HALE can be 
interpreted as the average number of healthy life years lost due to poor health.   
 
A large international systematic review was published in the Lancet on the Global 
Burden Disease Study 2010  to determine the HALE of 187 countries between 1990 and 
2010. Over two decades, HALE increased by 4.2 years in males and 4.5 years in 
females. However, the life expectancy at birth had increased at a faster rate of 4.7 years 
in males and 5.1 years in females compared to HALE from 1990 to 2010.[7] This 
suggests more years of healthy life were lost to disability globally at present compared to 
two decades ago, as HALE had increased more slowly than life expectancy over the past 
20 years. As life expectancy increased across countries, the authors found a strong 
positive correlation between healthy years lost to non-fatal disabilty and increasing life 
expectancy.[7]  
 
A similar trend is observed in males in Singapore from 1990 to 2010. Life expectancy at 
birth had increased by 6.0 years in males and 3.4 years in females from 1990 to 2010. 
Between 1990 to 2010, the years lost due to disability had increased in males from 8 to 
9.2 years whereas in females, it had decreased from 11.7 to 10.7 years.  
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Figure 2 illustrates increases in both the life expectancy and HALE  (shaded bar) 
whereas years of life lost due to disablity (dotted bar) had increased in males and had a 
marginal decline in females. 
 
Figure 2. Singapore life expectancy and healthy life expectancy at birth (by gender) in 
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4. Disability – Definitions and International Action Plans  
 
 
In 2006, the United Nations defined “persons with disability” as “those who have long-
term physical, mental, intellectual, or sensory impairments which in interaction with 
various barriers may hinder their full and effective participation in society on an equal 
basis with others”.[8] In 2011, WHO published a World Report on Disability which placed 
new emphasis on environmental factors creating disability. Problems with human 
functioning are categorized in three interconnected areas: impairments, activity limitations 
and participation restrictions.[9] Impairments are problems in body function or alterations 
in body structure (eg. paralysis or blindness); activity limitations are difficulties in 
executing activities (eg. walking or eating); participation restrictions are problems with 
involvement in any area of life (eg. discrimination in employment or transportation).[9] 
Disability refers to difficulties encountered in any of the three areas of function and can be 
conceptualized on a continuum from minor difficulties to major impacts in a person’s life.  
 
Almost all people will be temporarily or permanently impaired at some point of their 
lives and those in old age will have increasing difficulties in functioning.[9] WHO 
estimates 15% of the world population (approximately 1.03 billion people) to be 
currently living in disability.[9] Disabilities are commonly associated with chronic 
conditions such as cardiovascular disorders, chronic respiratory diseases, cancer, 
diabetes mellitus, injuries (including fractures) and mental illness. Proportions of 
disability are much higher among the elderly.  
 
Global population growth, population ageing and increasing life expectancy will lead to an 
increase in the number of people with disability. This will place considerable demands on 
healthcare and rehabilitation services. In 2013, the World’s health ministers endorsed an 
action plan to improve health for all people with disability where the World Health 
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Assembly adopted a resolution and endorsed the WHO global disability action plan 2014-
2021 on Better health for all people with disability.[10] This Action Plan will provide a 
major boost to WHO and efforts from governments to enhance the quality of life in one 
billion people in the world with disabilities. The plan has three objectives, namely (1) to 
improve access and remove barriers to health services and programmes, (2) to strengthen 
and extend rehabilitation, assistive technology, assistance and support service and 
community-based rehabilitation and (3) to strengthen efforts for the collection of 
internationally comparable data on disability.[10]  Personal mobility is also recognized as a 
fundamental human right in Article 20 of the Convention on Rights of Persons with 
Disabilities.[11]  
 
In 2002, the 2nd World Assembly on Ageing adopted and endorsed the Madrid 
International Plan of Action on Ageing to address the challenge of  “building a society for 
all ages”.[12] This international document  offers a bold agenda of handling the ageing 
issue in the 21st century through focusing on three areas: (1) the elderly and development, 
(2) advancing health and well-being and (3) ensuring supportive environments. As 
disability increases sharply with age, it is essential to promote maximal functional 
independence among disabled elderly. The document also recommends that the elderly 
with disability should be provided with physical and mental rehabilitation, and assistive 
technologies.[12]   
 | P a g e  
 
18 
5. Epidemiology  
 
The United Nations defines an older person as having a chronological age of 60 years 
and above [13], while most developed countries define older person or ‘elderly’ as age 
65 years and above [14]. Elderly are often sub-classified as the young-old (those aged 
between 60 to 75 years or between 65 to 80 years old) and the old-old (those aged 75 
and above or 80 years and above).[15] Although disability and frailty are more prevalent 
among the old-old, these age definitions only consider chronological age and not 
functional age.   
 
In recent years, researchers in the fields of geriatric psychiatry and frailty recommended 
the use of functional age as a more accurate measure for the elderly than chronological 
age as the former correlates better with cognitive health and life expectancy.[16, 17] 
They argued that a chronologically older person with independence in functions should 
be considered younger than a chronologically younger person with complete dependence 
in functions. For example, a disabled 50 year old person may resemble an “older person” 
more closely than a seventy year old active retiree. Nevertheless, chronological age is 
still the easiest method used to define the elderly.  
 
5.1 Prevalence of Physical Disability in The Elderly 
 
 
Physical disability is more often associated with the elderly, especially in the old-old 
(age 75 years and above).  In Singapore, only 7% of its population was aged 65 years 
and above in 1997 which increased to 10% in 2012.[18] A study done by Yadav, found 
that 20.5% of Singaporeans aged 60-64 years were handicapped whereas 64.6% of those 
aged above 85 years were handicapped.[19]  Severity of handicap was found to increase 
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with older age.  This study defined handicap as “a limitation to perform one or more 
tasks associated with daily living (namely self-care, mobility and verbal communication) 
due to a disability” which was based on the WHO’s definitions used in the ICIDH.   
 
The national survey of community-living non-institutionalised elderly aged 55 years and 
above conducted in 1995 and 2005 found that the prevalence of disability in activities of 
daily living (ADL) was low but had increased in Singapore; only 1.9% vs. 2.6% of those 
studied needed supervision or assistance in mobility; and 2.0% vs. 2.7% were dependent 
in toileting, 1.1% vs. 1.4% in feeding, 2.7% vs. 3.2% in grooming; and 1.1% vs 3.7% 
were incontinent or had occasional incontinence.[20, 21] However, among those aged 75 
years and above, 5.0% vs. 8.4% needed supervision or assistance in mobility, and 6% vs. 
10.1% were dependent in toileting, 3.7% vs. 5.3% in feeding, 8.1% vs. 11.2% in 
grooming or dressing and 3.7% vs. 10.7% were incontinent or had occasional 
incontinence. A higher proportion of elderly would have been observed if the elderly 
residing in nursing homes were included in the study. These differences in results from 
the national surveys and Yadav’s study also highlights that prevalence depends on 
definitions of disability (i.e. although the prevalence of ADL limitation is high in the 
community, most may not need supervision or assistance).  
 
5.2 Incidence of Physical Disability in The Elderly 
 
The physical disability status of an elderly person is also not static.  Hardy and Gill 
found that 81% of newly disabled community-dwelling elderly aged 70 years and above 
in the US regained independence in four key ADLs (bathing, dressing, walking and 
transferring) within 21 months of their initial disabling episode, and the majority 
remained independent for at least another 6 months.[22]  




The elderly may also experience several episodes of disability with recovery in their 
lifetime.  Hardy and Gill reported in another study that they had assessed ADL function 
in the above cohort monthly.[23] The authors defined the prevalence of disability for the 
month as the number of participants with self-reported disability divided by the number 
of participants with telephone interview in that month. The cumulative rate of disability 
is defined as the number of participants who reported disability in that month or 
preceding month divided by all active participants and those who had developed 
disability before censoring (due to death or loss to follow-up).  The cumulative rate of 
disability was 2 to 5 times higher than the prevalence of disability in the elderly 
suggesting that disability in the elderly is a highly dynamic process and may be 
inadequately characterized in surveys with long assessment intervals.  Disability for 
many elderly is probably more often short-lived and as a result of potentially reversible 
events such as falls, rather than progressive disorders such as Alzheimer's dementia.  In 
this study, participants were considered disabled only if they needed help or were unable 
to complete at least one of the four ADL tasks assessed.  Thus, this study was unable to 
distinguish between mild severe disability or between transient and permanent causes of 
disability. Patients with mild disability were likely more prevalent as they were living in 
the community and were able to answer the telephone interview.  The authors also 
admitted that their findings may not be applicable to more severe disabling conditions 
such as stroke or progressive diseases like Alzheimer’s dementia. 
 
5.3 Disability prevalence in Singapore 
 
In Singapore, a national survey of senior citizens is conducted periodically to monitor 
trends among elderly persons in the population, including mobility and ADLs. There 
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were four surveys conducted so far: 1983 [24], 1995 [20], 2005 [21] and 2011 [25]. 
Although the same sampling methodology was employed for all four surveys, the types 
of ADLs assessed varied between them. Dependence in ADLs rose from 1983 to 2005 
with a slight improvement in 2011. Compared to 1995, younger respondents (aged 55 to 
64) and the oldest respondents (aged 75 and above) required physical assistance in 2011. 
Figure 3 illustrates the rising trend in the proportion of the elderly aged >75 years who 
require walking aids or supervision in mobility from 1983 to 2005 with a slight 
improvement in 2011. 
 
Figure 3. Percentage of Population Aged >75 Years with Impaired Mobility (1983, 
1995, 2005 and 2011) (Source: National Survey of Senior Citizens) 
 
 
Figure 4 illustrates the rising proportion of the elderly population aged 75 years and 
above who require assistance for 5 ADLs from 1983 to 2005 with a slight improvement 
in 2011. 




Figure 4. Percentage of Population Aged >75 Years with ADL Dependency (1983, 
1995, 2005 and 2011) (Source: National Survey of Senior Citizens) 
 
As Singapore’s national surveys of senior citizens do not report age-standardized 
disability prevalence beyond 75 years, it is uncertain if the increasing prevalence in ADL 
dependency from 1983 to 2005 among those aged >75 years is due to increases in life 
expectancy in this age group or increases in age-standardized rates of disability. 
Prevalence of disability among those aged ≥75 years is increasing in Singapore and 
might be a concern despite the slight improvement in 2011. 
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6. Evidence for Rehabilitation in The Elderly  
 
Rehabilitation is defined by WHO as “a process aimed at enabling people with disability 
to reach and maintain their optimal physical, sensory, intellectual, psychological and 
social functional levels”.[26] Rehabilitation commonly begins after the acute disabling 
condition (e.g. stroke) is fully investigated and stabilized, and the newly disabled patient 
is capable of commencing therapy. However, post-acute care which includes post-acute 
rehabilitation is defined by the US Department of Health and Human Services as “care 
provided after patients are discharged from acute hospital stays”.[27]  
 
Rehabilitation in the elderly has been extensively studied. For example, a PubMed 
search on 30 June 2014 using the Medical Subject Headings (MeSH) search terms 
“rehabilitation” and “aged” yielded 47,291 papers.  Using the same MeSH terms to 
search for review papers yielded 2,360 papers, illustrating the extent of knowledge 
synthesis on elderly rehabilitation that currently exists in literature. Hence, I have 
summarized the evidence for elderly rehabilitation using reviews (i.e. systematic reviews 
and meta-analyses). 
 
6.1 Various settings for Rehabilitation for The Elderly (Long-Term Care)  
 
A recent systematic review of randomised controlled trials was conducted on persons 
age 60 and above and staying in long-term care facilities. A total of 33 out of 49 trials 
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6.2 Need for an Inter-Disciplinary Approach 
 
There is strong evidence to support inter-disciplinary inpatient rehabilitation of older 
adults. In a systematic review, Prvu-Bettger and Stineman found evidence supporting the 
benefits of post-acute rehabilitation for stroke patients where the majority were above 60 
years old.[29] Older subjects receiving stroke rehabilitation had better functional 
outcomes and reduction in one-year mortality, dependency and institutionalization 
rates.[30-32] Other studies found that elderly adults with hip fractures receiving inter-
disciplinary inpatient rehabilitation exhibit improved physical function at 6 and 12 
months, were more likely to be discharged home, and had better survival outcome after 
fracture.[33-35] However, literature is limited on the effectiveness of rehabilitation in 
amputations. In Singapore community hospitals, patient care conferences are conducted 
once every two weeks where doctors, nurses, social workers, physical therapists and 
occupational therapists met to discuss patients’ discharge planning.  
 
6.3 Ideal Timing of Initiation and Duration  
 
Functional recovery is maximized when rehabilitation is initiated as early as possible 
after an acute disabling event [36, 37] and plateaus after a few months up to a year. For 
example, in a Copenhagen study, functional recovery plateaus only at three and five 
months post-stroke for the mildly and severely disabled respectively.[38] In Scotland, 
the plateau of functional recovery did not occur until one year after acute stroke.[39] 
Others studies show that continuing rehabilitation months to years after stroke can still 
improve functional status despite the slower improvement, and could improve self-
esteem and prevent depression.[40-42] Thus, although most functional recovery occurs 
in the first few months after an acute disabling event, rehabilitation may be beneficial for 
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functional recovery over a long period. However, due to the diminishing returns in 
rehabilitation of the elderly compared to the young, rigorous cost-effectiveness studies 
are needed to examine if the small functional improvements outweighs the treatment 
cost in the elderly. Unfortunately, these studies are scarce.  
 
6.4  Ideal Intensity  
 
A positive relationship between therapy intensity and functional recovery has been 
reported in studies.[43-45]  A meta-analysis of randomized controlled trials found 
progressive resistance training (PRT) to be an effective intervention for improving 
muscle strength, physical functioning and performance of simple and complex activities 
in older adults.[46] Another meta-analysis of randomized controlled trials found that 
higher PRT intensities were superior to lower PRT intensities in improving maximal 
strength and functional performance in older adults.[47] 
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7. Rehabilitation in Singapore  
7.1 Organization of Rehabilitation Services in Singapore  
 
In Singapore, inpatient rehabilitation departments exist in both the acute hospitals and 
post-acute care. Inpatient rehabilitation provided by acute hospitals focuses on initiating 
rehabilitation as early as possible after disability over a short length of stay (usually for a 
several days). In comparison, inpatient rehabilitation provided by community hospitals 
which is a dedicated inpatient rehabilitation facility, focuses on longer term 
rehabilitation resulting in a longer length of stay (usually over several weeks). 
Community hospitals are part of the intermediate and long term care (ILTC) healthcare 
system of Singapore. Although community hospitals provide mainly rehabilitation, other 
services such as sub-acute, chronic sick and respite care are also provided. Community 
hospitals differ from acute hospitals in that they do not offer acute emergency services or 
provide expensive ancillary services such as magnetic resonance imaging. The funding 
system for inpatient rehabilitation in community hospitals differs from acute hospitals. 
In my thesis, the data is from community hospitals in Singapore only and the focus is on 
post-acute rehabilitation. Thus “acute” describes the level of care instead of the sudden 
onset of a disabling condition.  
 
Inpatient rehabilitation in public acute hospitals is not required to adhere to local ILTC 
sector regulations as they follow acute hospital policies. ITLC sector regulations for 
community hospitals includes accessible care, appropiate care, patient centred care, safe 
care, learning institution, physical environment and amenities and public health 
emergency preparedness. Discharge care plans much be integrated with or into 
community rehabilitation care plans (at GPs, day rehabilitation centre, nursing  home, 
homecare, etc).  




ILTC sector regulations for nursing home includes clinical aspects, social aspects 
and organisation aspects. Focus of the nursing home were more inlined with pain 
management, falls prevention, skin care and pressure ulcers and oral hygiene. 
 
To address the challenges to the healthcare system arising from Singapore’s rapidly 
ageing population, our MOH set up an independent corporate body called the Agency 
for Integrated Care (Aic) to coordinate and facilitate placement of elderly sick in nursing 
homes and chronic sick units, discharge planning and facilitating transition of patients. 
Aic enhances and integrates care, and monitors patient health outcomes within the ILTC 
sector which includes community hospitals.[48]  Since rehabilitation is a primary 
function and role of the ILTC sector, Aic has been tasked to measure and monitor trends 
on rehabilitation outcomes within community hospitals. Historical data on rehabilitation 
outcomes will be useful to Aic and MOH to review the quality of rehabilitation and 
national prevalence of disability and care planning needs in the light of our ageing 
population.  
 
7.2. Financing  
 
Provision and selection of participants for rehabilitation are often determined by the 
funding mechanisms and healthcare system. Our inpatient rehabilitation services are 
generally only found in public acute hospitals run by the government or the community 
hospitals run by voluntary welfare organizations (VWOs). Therefore the funding 
systems differ quite substantially. The annual expenditure in the rehabilitation 
departments within acute hospitals is largely borne by the government (90%) whereas 
the community hospitals expenditure is co-shared by the government (60%) and the 
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VWO running the community hospital (40%). Funding from VWO was mainly from 
fund raising and donors.  
 
Patients’ eligible government subsidies levels are determined by the means-testing 
system and this differs between acute hospitals [49] and community hospitals [50]. In 
the acute hospital, subsidisation is dependent on the patient’s income level and those 
who are retired or no longer employed will receive full subsidisation unless they live in a 
property with an annual value exceeding S$13,000. For long-term care services such as 
government funded community hospitals, nursing home and day rehabilitation centre, 
subsidisation is dependent on family income.[51] Means testing is a way in which 
limited resources in terms of government subsidies were channelled to those who need it 
most. Lower-income patients receive more subsidies than the higher-income patients at 
these facilities. All patients regardless of income have a choice to be admitted to 
subsidized wards (i.e. a Class C or B2) and will still be heavily subsidised, but at 
different rates. Although higher-income patients will be subsidised less, their bills will 
still remain affordable. As an example, a high salaried patient in Class C will still 
receive a higher subsidy than if he had opted for Class B2.  
 
7.3 Infrastructure of Rehabilitation and Healthcare in Community Hospitals  
 
Singapore’s community hospitals are required to provide frequent physician 
involvement (a doctor’s review at least every 2 days), 24-hour rehabilitation nursing, 
therapy given twice a day in the morning and afternoon with a maximum length of stay 
of 90 days per episode of illness. All community hospitals in Singapore provide 
specialized rehabilitation.  
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In Singapore, home rehabilitation is practically non-existent with the exception of a 
handful of private rehabilitation therapists provided on an ad-hoc basis. Subsidy levels 
for Singapore citizens for home based rehabilitation ranges from 0% to 80%. The level 
of subsidy is based on monthly household income with no subsidy if income level is 
above S$2,600 and maximum subsidy if income is below S$700.[52]    
 
In 2011, Singapore had 60 nursing homes (private and VWO) with a total of 9,300 beds 
with a minority offering skilled inpatient rehabilitation. The number of beds will rise to 
14,000 in the next decade after the building of two new homes and upgrading and 
relocation of four others.[53]   
 
In addition, rehabilitation services are also offered in non-residential day rehabilitation 
centres and social day care centres as part of Singapore’s ILTC system, and government 
subsidies are available at these centres. As of 2013, Singapore has 49 day rehabilitation 
centres and 44 social day care centres.[54] There are 25 rehabilitation doctors, 700 
physiotherapists, 500 occupational therapists and 200 speech therapists serving a 
population of five million in Singapore.[55] 
 
7.4 Patients receiving care at community hospitals  
 
Our local Ministry of Health recommends that rehabilitation units in acute hospitals 
cater to younger patients with the goal of returning patients back to the workforce while 
rehabilitation in community hospitals cater to older patients with the goal of returning 
patients to their homes.[56]  As a result, staff in rehabilitation units in acute hospitals are 
trained in specialized fields such as traumatic spinal injury while staff in community 
hospitals are trained in geriatric medicine. Correspondingly, the mean age of patients 
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admitted into acute hospitals rehabilitation departments is generally younger than those 
who are admitted into community hospitals. In a study of all patients admitted into a 
rehabilitation department of a local acute hospital, the mean age was 61.3 years [57] 
whereas the mean age of community hospital patients from 1995 to 2005 was 73.2 years. 
[58] In our ageing population with increasing disability and comorbidity, it is crucial to 
improve our understanding about geriatric inpatient rehabilitation in Singapore which is 
provided mainly in the community hospitals. Table 1 provides a summary of the post-
acute rehabilitation setting in Singapore.  
 




• Home rehabilitation:  
o Mainly private in the past 
o $100-150 per visit (before means-testing) 
•  Day rehabilitation centres:  
o Outpatient rehabilitation centres 
o Follows ILTC means-testing system (monthly household per capita) 
o Subsidy: up to 80% for citizens and 55% for permanent resident  
o Depends of patient’s means-testing category after testing 
o Referral from doctor 
o  $700-$1200 per month, exclude transport (before means-testing)  
Inpatient 
• Inpatient Rehabilitation Facilities:  
o Two main types of hospitalization: 
 Acute hospitals: 
• Mostly run by government  
• Follows acute hospital means-testing system (based on 
patient’s income level) 
• Subsidy: up to 80% for citizens and 55% for permanent resident  
• % of annual expenditure which is publicly subsidized: 90% 
• Mean age of patients: 61.3 years 
 Community hospitals: 
• Mostly run by voluntary welfare organizations 
• Follows ILTC means-testing system  
• $110-$360 per day (before means-testing)  
• Subsidy: up to 75% for citizens and 50% for permanent resident  
• % of annual expenditure which is publicly subsidized: 60% 
• Mean age of patients: 74.1 years 
o Nursing home: 
• Rehabiliation not routinely done 
• $1200 to $3500 per month (before means-testing) 
ILTC: Intermediate and long term care 




As my thesis is based on patients admitted to community hospitals, where inpatient 
rehabilitation in post-acute care settings mainly serves the elderly, I will focus on the 
evidence of rehabilitation on the elderly with physical disability. 
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8. Rehabilitation for Adults in the Post-acute Phase of Illness  
 
The majority of the post-acute rehabilitation in Singapore is provided by community 
hospitals. There are currently five community hospitals:  Ang Mo Kio Thye Hua Kuan 
Hospital (AMKTHKH), St Luke’s Hospital (SLH), St Andrew’s Community Hospital 
(SACH), Bright Vision Hospital (BVH) and Ren Ci Community Hospital (RCCH).  
AMKTHKH started in 1993 and is a 200-bedded hospital which provides rehabilitation 
and geriatric care.[59] SLH started in 1996 and is a 233-bedded community hospital 
providing medical, nursing and rehabilitative care for the needy.[60] SACH started in 
1992 and is the oldest community hospital in Singapore with only 40 beds till 2005 
when it moved to an 11-story building and expanded its bed capacity to 200 beds.[61] It 
is also one of the first community hospitals to be located next to an acute care general 
hospital (Changi General Hospital). BVH started in 2003 and is a voluntary community 
project supported by Ministry of Health and currently has 318 beds catering to 1200 new 
patients annually.[62] RCCH started in December 2008 and is the newest community 
hospital - it opened in December 2008 and has 502 beds. It is located next to Singapore’s 
second largest general hospital, Tan Tock Seng Hospital.[63]  
 
The total number of admissions into the four community hospitals had increased from 
908 admissions in 1996 to 2576 admissions in 2005. Patients transferred to these 
community hospitals are usually newly disabled elderly who suffered an acute medical 
condition requiring rehabilitation.  The common principal diagnoses for admission 
include stroke, hip fractures, joint replacement, amputations and falls. Most patients are 
directly admitted from acute hospitals and receive inpatient rehabilitation during their 
stay.  According to Ministry of Health guidelines, initial functional assessment and 
rehabilitation should be initiated within two days of community hospital admission if 
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patients’ admission is due to rehabilitation.  Most patients are discharged to their own 
homes and a small minority are transferred to a nursing home. Few patients are 
transferred back to the acute hospital, due to deterioration of their medical status beyond 
the capability of community hospitals to manage them safely. 
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9. Overview of Thesis  
9.1 Aim and Objectives 
 
The aim of the proposed PhD thesis research was to investigate the trends in functional 
outcomes, the factors associated with nursing home placement and survival in a 
retrospective national database of  elderly admitted for inpatient rehabilitation to all 
community hospitals in Singapore from 1996 to 2005 (10 years).  
 
The four chapters are: 
 
1. Chapter 2: Trends in patient socio-demographic, health and functional profiles 
and rehabilitation outcomes by hospital and year of admission from 1996 to 
2005. This chapter discusses the 10 year trends of the characteristics of patients 
admitted to community hospitals and to investigate their performance in 
rehabilitation across time. 
2. Chapter 3: Factors associated with nursing home placement. Given our ageing 
population, this chapter discusses the characteristics of patients who were more 
likely to be discharged to nursing homes compared to home. 
3. Chapter 4: The joint impact of comorbidities and disability on patients’ survival. 
The elderly often have multiple comorbidites and some may also have disability. 
This chapter discusses the risk of death among patients with both comorbidities 
and disability.  
4. Chapter 5: The individual effect of 10 activities of daily living on rehabilitation 
outcomes. As ADLs are correlated and functional independence in these ADLs 
were often summed together. This chapter discusses the amount of information 
that is lost when ADL data were collapsed into a sum, the clustering of these 
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ADLs as well as its association on rehabilitation effectiveness, length of stay, 





A retrospective analysis of a national database of all patients admitted to all community 
hospitals in Singapore from 1996 to 2005 (i.e. SLH, AMHTHKH, SACH and BVH) was 
performed. Trained research nurses performed data extraction from non-computerized 
medical records between November 2005 and August 2008. Multiple iterations of data 
cleaning and verification were performed. The medical data recorded from community 
hospitals medical records were checked against subject’s discharge summaries from 
referring hospitals.  
 
As all community hospitals in Singapore used the 100-point Shah-modified BI, 
functional data were pooled together.  Scoring in the community hospitals was 
performed by occupational therapists who are skilled in assessing ADL function.   
 
The variables collected at admission to community hospital were: birth date, gender, 
ethnicity, marital status, hospitalization type, date of admission, primary diagnosis for 
admission (stroke and subtype, fracture and subtypes, lower limb amputation and 
subtypes, cancer, falls, pneumonia and others), date of onset of primary diagnosis, level 
of government subsidy in two categories for Chapters 2 and 3 (low/mid and high 
subsidy) and recategorized to three categories for Chapters 4 and 5 (low, mid and high 
subsidy) to study the ordinal effect, number of adults (including foreign domestic 
worker) aged 18 years and above and living with the patient in same household and is 
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able to physically care for the patient, relationship of primary caregiver (defined as the 
potential caregiver who was main person providing physical care to the patient), 100-
point Shah-modified Barthel Index scores and co-morbidity burden (using the Charlson 
Co-Morbidity Index [CCMI]) and specific co-morbidities (i.e. HIV and AIDS, 
connective tissue disease, cerebrovascular disease, chronic pulmonary disease, 
congestive heart failure, previous myocardial infarction (excluding ischaemic heart 
disease without previous myocardial infarction), peripheral vascular disease, hemiplegia, 
peptic ulcer disease, dementia, diabetes mellitus and severity, renal disease and severity, 
liver disease and severity, solid tumours, leukaemia, lymphoma, hypertension, 
hyperlipidaemia and ischaemic heart disease (with or without previous myocardial 
infarction)). The variables collected at discharge from community hospital were: date of 
discharge, 100-point Shah-modified Barthel Index score and discharge destination 
(home, acute hospital, nursing home, sheltered home, discharged against doctor’s 
advice, death and others). Please see (1) Appendix 1 for details on the Shah-modified 
Barthel Index and (2) Appendix 2 for CCMI used in this study.  
 
There were some differences between the demographic profile of patients from each 
hospital. Patients in SACH were the oldest (mean age=75.1 years old vs. overall mean 
age=73.7 years) and admitted with the lowest admission BI scores (mean BI score= 28.7 
vs. overall mean BI score=45.6). Patients in BVH had the longest time to rehabilitation 
(mean time=29.9 vs. overall mean time=21.2 days).  
 
This database was then linked with the Ministry of Health to obtain the date of death and 
subjects who remained alive at the study closure were censored at 31 December 2011. 
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The national database was created by manually extracting data from medical records. 
Data collection started first in AMKTHKH, SLH, BVH and lastly SACH, with all four 
research nurses moving sequentially from one community hospital to the next. Data was 
entered directly into a prescribed form and scanned as image files (please see Appendix 
3 for a copy of the data collection form).  Scansys Scanning Systems® software was 
used to read the images to extract the data to minimize data entry errors and scanned 
data was converted into Statistical Package for Social Sciences (SPSS) format. Inter-
rater variability between the four research nurses and variations in quality of data 
extraction over time were not examined. However, a 10% random sample of subjects 
was subsequently analyzed for data extraction accuracy by an independent physician and 
the error rate was found to be only 0.07%.  
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9.2.1 Functional Assessment Instruments  
 
In 1980, the WHO’s International Classification of Impairments, Disability and 
Handicaps (ICIDH) defined early functional measures focusing on impairment based on 
balance, muscle strength, range of motion, sensation and other physical abilities. As the 
field of rehabilitation grew and moved beyond the acute phase of disability, the priorities 
shifted toward moving individuals back into the community.[64] Thus, measurements 
had progressed beyond impairment to assessment of disability in activities of daily life 
(ADLs). I will review the Barthel Index (BI) ADL assessment tool used in rehabilitation 
in community hospitals. [56]  
 
9.2.2 Barthel Index (BI) and its Validity and Reliability 
 
The BI is a classic ADL assessment instrument originally developed by Mahoney and 
Barthel in 1965 and contains 10 items.[65]  Eight of the items are self-care activities 
(feeding, transfer from chair to bed and back; grooming; toileting; bathing; dressing; 
bowel and bladder continence), and the remaining two are mobility-related activities 
(walking or propelling a wheelchair on a level surface with or without devices or 
prostheses; ascending and descending stairs). It is one of the most widely used measures 
for physical functional assessment. 
 
The BI has been extensively tested for validity, reliability and sensitivity.[66] In a 
review of disability measures used to assess ADLs among stroke patients, the authors 
concluded that the BI was highly correlated with a wide variety of post-discharge 
outcomes, supporting the criterion validity.[67] Although the BI was responsive to 
change, studies demonstrated a both floor and ceiling effect in the instrument.[68, 69] In 
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a comparative study of BI and FIM, both measures showed similar floor and ceiling 
effects.[70] Although the FIM was developed to be sensitive to change, the authors 
found no advantage with the FIM and the BI took a shorter time to administer. 
Reliability of the BI has been reported in several studies and test-retest, intra-rater and 
inter-rater reliability have been shown to have high correlation (r = 0.87, 0.71-0.99 and 
0.75-0.99 respectively).[71-73] One study has also shown the BI to be highly reliable 
when the interview was conducted over the telephone compared to face-to-face with an 
intra-class correlation coefficient of 0.89.[74] 
 
With time, the original BI has been modified to be more sensitive (eg. Shah-modified BI 
score).[75] The Shah-modified BI is currently used by all community hospitals in 
Singapore to quantify functional impairment. The original BI only has a range of 20 
discrete points with three levels within each ADL category, while the Shah-modified BI 
has a range of 100 discrete points and five levels within each ADL category. The five 
levels are (1) unable to perform the task (fully dependent), (2) greatly dependent or 
unsafe to perform the task without caregiver’s presence, (3) requiring moderate 
assistance to complete the task, (4) requiring minimal assistance and (4) no assistance 
required (fully independent). The Shah-modified BI total score has a range from 0 to 100 
where higher scores indicating greater functional independence.  The Shah-modified BI 
has been shown to have better sensitivity than the original BI without affecting the 
minimum and maximum weightings relative to the original BI. Scale reliability of the 
Shah-modified BI is better than the original BI as it has higher Cronbach alpha values at 
both admission and discharge.[76] The Shah-modified BI has been used widely in 
research [77-82] and a Chinese version has also been developed.[83] 
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9.2.3 Statistical Analysis  
 
Outliers were defined as having an absolute value greater than 3 SDs from the mean, and 
these data were excluded for continuous outcome variables. For bivariate analysis, Chi-
square analysis was used to compare between categorical variables (Fisher’s Exact Test 
was used instead if the expected cell in any Chi-square table cell was less than 5); linear 
by linear association was used to test for trends in categorical outcomes by year. 
Analysis of variance (ANOVA) was performed on data with a normal distribution and 
the Kruskal Wallis test was performed on data with a skewed distribution to test for 
differences between three or more groups based on their primary diagnosis at admission.  
 
P for trend was access using a backward regression model adjusted for clustering effects 
by hospital and year of admission. For parametric continuous outcomes, means and β–
coefficients were reported. Linear regression analysis was used to determine the 
bivariate relationship between year of admission and continuous rehabilitation outcome 
variables after adjusting for confounders (age, gender, race, marital status, admission 
functional scores).  
 
We used backward stepwise logistic regression to compare discharge destinations to 
nursing home compared to home. We adjusted for clustering variables (year of 
admission and community hospital), medical conditions (primary diagnosis at admission 
and dementia), social variables (marital status, caregiver availability and government 
subsidy), rehabilitation variables (admission functional scores, time to rehabilitation, 
rehabilitation effectiveness and rehabilitation efficiency) and confounders (age, gender, 
ethnicity and religion). 
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Survival analysis was performed using the log rank test, unadjusted for confounders. 
Kaplan–Meier overall survival curves were compared for exposures of interest, namely 
comorbidity and disability, using two-sided log rank tests. The Cox proportional-hazards 
regression was implemented to identify factors associated with mortality within the cohort and to 
investigate multiplicative effect of comorbidity and disability. Schoenfeld residuals were used to 
test the proportional-hazards (PH) assumption after model fitting.  In the event of violation of 
PH assumption for a specific covariate, the same covariate was included as a stratifying factor in 
the Cox model. Likelihood ratio tests were used to compare nested models to identify significant 
predictors.  
 
Principal component analysis (PCA) is one of the methods used to derive patterns from 
correlated variables and addresses the issue of multi-collinearity. PCA is also used for 
dimension reduction setting an a priori cut-off of at least 90% of the variation. To 
facilitate the interpretation of the principal components, the ADLs with absolute 
loadings above 0.5 on a component were considered as the primary drivers providing 
information that characterizes the ADL pattern. Multivariate linear regression was used 
to look for association between principal components and continuous outcomes 
(discharge functional scores and length of stay); multinomial regression for discharge 
destination (home, nursing home and acute hospital); cox proportional hazard model for 
survival. 
 
For all statistical analysis, reported P-values were two-tailed and the significance level 
was set at 0.05. Statistical Package for Social Sciences (SPSS) or Stata software was 
used for statistical analysis.   
 





The study was approved by the National University of Singapore Institutional Review 
Board (NUS-IRB) and ethics committees of Ang Mo Kio Thye Hua Kwan Hospital, 
Bright Vision Hospital, St Andrew’s Community Hospital and St Luke’s Hospital. 
Written informed consent of patients was waived by NUS-IRB. The author and all 
research nurses have taken the oath of confidentiality under Singapore’s Official Secrets 
Act and only the minimum number of research personnel had access to the de-identified 
dataset. 
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CHAPTER TWO: TRENDS IN PATIENT SOCIO-DEMOGRAPHIC, 
HEALTH AND FUNCTIONAL PROFILE AND REHABILITATION 
OUTCOMES BY HOSPITAL AND YEAR OF ADMISSION FROM 




Objective: To determine the trends in length of stay (LOS), rehabilitation functional 
outcome and discharge destination of patients admitted for inpatient rehabilitation from 
1996 to 2005 by disease type in Singapore.  
  
Design: Retrospective national data were extracted from medical records of community-
based inpatient rehabilitation admissions in Singapore from 1996 to 2005. 
 
Setting and Participants: There were 12,506 first admissions for rehabilitation in four 
community hospitals. 40.6% were for stroke, 30.4% for fracture, 2.9% for lower limb 
(LL) joint-replacement, 2.3% for LL amputation, 1.9% for cancer, 1.8% for falls, 1.6% 
for pneumonia and 18.5% for other illnesses. The overall mean age was 73.2(SD=11.5) 
years. 
 
Interventions: Not applicable. 
 
Main Outcome Measures: Length of stay, rehabilitation outcomes (rehabilitation 
effectiveness (R-effectiveness), rehabilitation efficiency (R-efficiency), rehabilitation 
functional efficiency (Relative-FE)) and discharge destination. 
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Results: The overall median LOS for all disease groups decreased by 16.2% (37 to 31 
days) from 1996 to 2005. The sharpest decline in LOS among the eight disease groups 
was observed in the LL amputation group. The overall mean admission and discharge 
activities of daily living scores were 45.6 (SD=25.7) and 60.3 (SD=28.9) respectively; 
median R-effectiveness was 28.8%, median R-efficiency was 12.9/30 days and median 
Relative-FE was 27.7%/30 days. From 1996 to 2005, mean R-effectiveness increased by 
184% (14% to 40%), R-efficiency increased by 104% (9 to 19 units/30 days), and 
Relative-FE increased by 145% (21% to 51%/30 days). Among all inpatient admissions, 
the majority were discharged home (78.2%), 12% were discharged to an acute hospital 
and 9.8% were discharged to nursing or sheltered homes. with no significant change 
during the 10-year period. 
 
Conclusions: Rehabilitation outcomes of patients admitted into Singapore’s community 
hospitals improved between 1996 and 2005 despite a decreasing LOS. Discharge 
destinations have largely remained unchanged over this period.  
 
Word count = 289 
 
Keywords: Length of stay, rehabilitation functional outcomes, discharge destination, 
activities of daily living.  
 
  





Inpatient functional rehabilitation is often necessary for patients with conditions such as 
stroke, fractures, lower limb (LL) amputations and cancer. In the United States, length of 
stay (LOS) for inpatient rehabilitation has declined over the past two decades,[84-87] 
whilst admission and discharge functional dependency has increased in tandem during 
the same period.[84, 85] Compared to the United States[84], LOS for stroke 
rehabilitation is much longer in Asian countries such as Japan,[88, 89] Korea,[90] Hong 
Kong,[91] Taiwan,[92] and Thailand[93], with Japan having a LOS five times longer 
than the United States.[89] In Singapore, inpatient LOS was previously shown to be 
positively correlated with the cost of stroke hospitalization in community hospitals.[94] 
Currently, there are limited studies comparing the trends of LOS and rehabilitation 
outcomes across different disease conditions, especially in Asian countries with rapidly 
ageing demographic profiles such as Singapore.  
 
Inpatient rehabilitation services in Singapore are generally offered in two types of 
hospitals: acute and community hospitals. According to our Ministry of Health (MOH) 
guidelines, rehabilitation units in acute hospitals are intended to cater mainly to younger 
patients with the aims of returning them to the workforce, whilst community hospitals 
are intended to cater mainly to the long term care of older patients with the aims of 
returning them to a home environment.[95] The majority of patients admitted to 
community hospitals for rehabilitation were transferred from acute hospital. Community 
hospitals are required to provide frequent physician involvement (at least one 
consultation every two days), 24-hour rehabilitation nursing and rehabilitative therapy 
sessions twice a day for an average of one hour per session. Rehabilitative therapy 
sessions include physical, occupational and speech therapy where appropriate.   




Due to the increasing elderly population in Singapore, it is predicted that there will be an 
increased incidence of disabling conditions and a consequent increased demand for 
rehabilitation services and nursing homes if they are unable to return to their own 
homes.[96] We conducted retrospective analyses of patients admitted into all community 
hospitals in Singapore for rehabilitation from 1996 to 2005. We aimed to determine the 
trends in LOS, rehabilitation outcomes and discharge destination (1) for all inpatient 






Retrospective data were extracted manually for all patients admitted for rehabilitation 
into the four community hospitals in Singapore from non-computerized medical records 
(2 January 1996 to 31 December 2005) by four research nurses who were trained and 
supervised by the second author (GK). Data extraction from medical records was done 
from November 2005 to August 2008. Training of all research nurses occurred over a 
period of one week and the transcription of case notes into the prescribed form was 
periodically audited. Paper records were entered directly into a standardized scanner-
readable form to minimize data entry error and read by a Scansys optical scanner (Scan 
Sys, Nootdorp, Netherlands). Multiple iterations of data cleaning and verification were 
performed by the chief research nurse. A 10% random sample of patients was 
subsequently analyzed by an independent physician for data extraction accuracy by 
comparing the data with discharge summaries from referral and community hospitals. 
The error rate was 0.07%. The study was approved by the National University of 
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Only first admissions for rehabilitation were included in our study. The independent 
variables studied were age, type of community hospital, number of admissions, initial 
Barthel score, subsidy class, ethnicity, race, type of religion and caregiver availability. A 
caregiver was defined as any person aged ≥18 years, living with the patient and 
physically able to provide care to the patient (including foreign domestic workers). In 
Singapore, only patients staying in C class (non air-conditioned 8-bedded) or B2 class 
(non air-conditioned 6-bedded) wards receive government subsidization for hospital stay 
(75% and 50% subsidization respectively); patients in higher class (air-conditioned four 
bedded to single bedded) wards do not receive subsidization. We dichotomized 
government subsidization levels into C class versus B2 class and above as C class 
patients best represented the lower socio-economic class in our population.  
 
All analyses were stratified into eight principal diagnoses for admission: stroke, fracture, 
LL amputation, LL joint replacement, falls, cancer, pneumonia and others. We included 
both ischemic and haemorrhagic cerebrovascular events under ‘stroke’; limb fractures 
included the LL only; LL amputation included forefoot, below-knee and above knee 
amputation; LL joint replacement included hip and knee joint replacement; falls 
included all cases where falls was the primary reason for admission for rehabilitation; 
cancer cases included all cases where cancer was the primary reason for admission for 
rehabilitation but excluded palliative care cases; and pneumonia cases included 
community-acquired, hospital-acquired and aspiration pneumonia.    
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Rehabilitation Outcome Measures 
Rehabilitation outcomes measures were LOS, absolute functional gain (Absolute-FG), 
rehabilitation effectiveness (R-effectiveness), rehabilitation efficiency (R-efficiency), 
relative functional efficiency (Relative-FE) and discharge destination.  
 
Length of stay (LOS) 
LOS is a measure of the duration of inpatient stay and is calculated as:  
LOS= Date of discharge - Date of admission 
 
Functional status was assessed using the Shah-modified Barthel Index (BI) and is 
presently used by all rehabilitation hospitals in Singapore as recommended by the 
Singapore MOH.[97] The Shah-modified BI ranges from zero to 100, with five sub-
categories for each of the 10 activities of daily living (ADL), and 100 possible discrete 
values.[75] The 10 ADLs are personal hygiene, bathing, feeding, toileting, stair 
climbing, dressing, bowel control, bladder control, ambulation and transfers, each with 
five item response levels. A score of zero (minimum score) and 100 (maximum score) 
reflects complete ADL dependence and independence respectively. Reliability of the BI 
has been demonstrated in numerous studies and test-retest, intra-rater and inter-rater 
reliability have been shown to be high by correlation methods (r = 0.87, 0.71-0.99 and 
0.75-0.99 respectively).[98-100] A previous study has also shown the BI to be highly 
reliable when administered during telephone interviews compared with face-to-face 
interviewing, with an intra-class correlation coefficient of 0.89. [101] According to the 
Singapore MOH’s requirements, admission BI scores should be determined within 48 
hours of admission and at least every two weeks until discharge.[97] This was performed 
by both physiotherapists and occupational therapists in our study. The first BI recorded 
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was taken as the admission BI and the last BI recorded was taken as the discharge BI. 
The dates of scoring the first and last BI were also recorded.  
 
Absolute functional gain (Absolute-FG) 
Absolute-FG is defined as the absolute difference in functional measure before and after 
a period of rehabilitation[102] and is calculated as:  
Absolute-FG = Discharge BI score - Admission BI score 
 
Rehabilitation effectiveness (R-effectiveness) 
Heinemann et al[103] and Shah et al[75] defined measures of R-effectiveness as the 
percentage of potential functional improvement actually achieved. Several studies have 
recently used R-effectiveness to measure stroke rehabilitation outcomes[104-106] and it 
is calculated as: 
R-effectiveness =  
Absolute-FG 
X 100% 
Maximum BI score (i.e.100) - Admission BI score 
 
Rehabilitation efficiency (R-efficiency) 
R-efficiency is the rate of functional recovery during rehabilitation[103, 107] and is 
calculated as:  
R- efficiency =  
Absolute-FG 
X 30 days 
No: of days between admission and discharge scoring 
 
Relative functional effectiveness (Relative-FE) 
Relative-FE was used by Heruti et al[108] to measure the rate of potential functional 
improvement.  
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Relative-FE =  
R-effectiveness 
X 30 days 
No: of days between admission and discharge scoring 
As the values of R-efficiency and Relative-FE per day were small (<1.0), both indices 
were multiplied by 30 to obtain a value per 30 days. Patients with negative R-
effectiveness, R-efficiency or Relative-FE had declined in functional status during 
hospital stay.  
 
Discharge destination  
The discharge destination of patients was collected from community hospitals and coded 
as home, acute hospital, nursing home, sheltered home, discharged against doctor’s 
advice, death and others. Sheltered homes in Singapore are residential facilities catering 
to the needs of ambulant elderly and provide minimal support services to maintain their 
independence within the community. We collapsed these categories into three groups for 
further statistical analysis (home, acute hospital and long-term residential institution [i.e. 
nursing home or sheltered home]), and excluded other less common destinations such as 
discharge against advice (0.2%), death in community hospital (0.1%), discharge to other 
community hospital (0.3%) and others  (0.6%). 
 
Statistical Analysis 
We used descriptive statistics to examine differences in demographic characteristics, 
rehabilitation outcomes and discharge destination. Skewness was determined graphically 
using a histogram with a superimposed normal plot. The chi-square test was performed 
on categorical variables, an analysis of variance (ANOVA) was performed on outcome 
measures with a normal distribution (discharge BI and Absolute-FG) and the Kruskal 
Wallis test was performed on skewed data (R-effectiveness, R-efficiency, Relative-FE 
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and LOS) to test differences between groups based on their primary diagnosis for 
admission. Outliers were defined as having an absolute value greater than three standard 
deviations from the mean and these data were excluded for the Absolute-FG, R-
effectiveness, R-efficiency, Relative-FE and LOS outcome variables. The trends in 
outcome variables were determined using a mixed linear model for discharge BI, 
Absolute-FG, R-effectiveness, R-efficiency, Relative-FE and LOS, and a mixed 
multinomial model for discharge destination, by the year of admission and controlling 
for a clustering effect by hospital. For continuous outcome variables, bi-variate and 
multivariate analysis were performed using mixed linear regression, adjusted for 
clustering by hospital. The explanatory variable was year of admission and confounders 
adjusted in multivariate analyses were age, gender, ethnicity, marital status, caregiver 
availability and admission BI score. Similarly, a mixed multinomial model was used to 
predict the discharge destinations of home, nursing home or acute hospital. We used 
STATA v11 (StataCorp LP, USA) software for statistical analysis with the significance 





Of the 17,046 patients who were admitted to community hospitals for rehabilitation, 
2,271 patients had either admission BI or discharge BI or both BI scores missing 
(13.3%). Patients’ second or more visits were excluded (n=2,269; 13.3%), resulting in 
the final study population of 12,506 patients (Table 2). Comparing characteristics of 
those with missing BI scores (n=2,271) and those without missing BI scores (n=12,506), 
the former group tended to be male (44.2% vs. 41.6%), were admitted to Community 
Hospital A (46.2% vs. 21.8%), had no caregiver (11.9% vs. 9.6%), were more likely to 
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be discharged to an acute hospital (36.5% vs. 10.9%) and had a shorter median LOS (17 
vs. 33 days) (Table 3). Patients with second and subsequent visits had an overall median 
LOS of 31 days.  
 
Patients who satisfied the inclusion criteria were further stratified by disease groups. The 
commonest principal diagnosis for rehabilitation was stroke (n=5,075; 40.6%) followed 
by fracture (n=3,796; 30.4%), LL joint replacement (n=359; 2.9%), LL amputation 
(n=290; 2.3%), cancer (n=239; 1.9%), falls (n=226; 1.8%), pneumonia (n=204; 1.6%) 
and other illnesses (2,317; 18.5%) which consisted of over one hundred other diagnostic 
groups. The overall mean age was 73.2 years (SD=11.5) and was highest in the 
pneumonia group at 80.1 years (SD=10.7) and lowest in the LL amputation group at 
66.6 years (SD=11.0). Females constituted a larger proportion (58.4%), especially those 
admitted for fractures (73.0%) or LL joint replacement (83.8%). The overall mean 
admission ADL score was 45.6 (SD=25.7) (Table 2) with the lowest score for stroke 
(mean=38.5; SD=26.4) and highest score for LL joint replacement (mean=66.6; 
SD=19.5). Of the 12,506 patients, 11,304 (90.4%) had caregivers. Among those with 
fracture or falls, more than 65% were not currently married (i.e. single, widowed, 
separated or divorced). Patients admitted for falls had the highest proportion from the 
low socioeconomic status group (77%) and the lowest proportion discharged home 
(Table 2). 
 
Rehabilitation outcomes  
The overall mean discharge ADL score was 60.3 (SD=28.9) (Table 4), mean Absolute-
FG was 14.7 (SD=14.5), median R-effectiveness was 28.8% (IQR=5.7-54.3), median R-
efficiency was 12.9 per 30 days (IQR=3.3-24.4) and median Relative-FE was 27.7% per 
30 days (IQR= 6.3-56.2) (Table 4). The median LOS was 33 days (IQR=22-49) and the 
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LL amputation group had the longest median LOS of 45 days (IQR= 15-64 days). 
Patients with LL amputations had the poorest R-efficiency and Relative-FE, and the 
longest LOS compared to the other disease groups (Table 4).  
 
Rehabilitation outcomes such as discharge ADL score, Absolute-FG, R-effectiveness, R-
efficiency and Relative-FE improved with time for those with stroke, fractures, LL 
amputations, LL joint replacement, falls and in the other disease group (Table 5). 
Overall, from 1996 to 2005, mean R-effectiveness increased by 184% (14% to 40%), R-
efficiency increased by 104% (9 to 19 units per 30 days), and Relative-FE increased by 
145% (21% to 51% per 30 days). Figures 5 and 6 illustrates the trend in mean 
admission and discharge BI respectively; Figures 7 to 10 illustrates the trend in median 
LOS, R-effectiveness, R-efficiency and Relative-FE respectively; and Figures 11 to 13 
illustrates the trend in proportion of those discharged home, to nursing or sheltered home 
and acute hospital respectively, across years from 1996 to 2005. Lower limb joint 
replacement patients had the highest rehabilitation effectiveness and efficiency (Figure 
8 and 9). Patients with pneumonia had the lowest R-effectiveness (Figure 8) whereas 
patients with LL amputation had the lowest R-efficiency (Figure 9). The composite 
measure of Relative-FE was highest in LL joint replacement patients with a steep 
increasing trend after 1998. Falls and cancer patients had the highest Relative-FE and 
patients with stroke and pneumonia had the lowest Relative-FE (Figure 10). 
 
From the bivariate analysis, admission and discharge ADL scores increased from 1996 
to 2005 for stroke, fractures, LL joint replacement, pneumonia and in the other group 
(Table 2 and 4 and Figure 5 and 6). Lower limb joint replacement had the highest 
admission ADL scores while pneumonia had one of the lowest admission ADL scores 
(Figure 5); however, the greatest increase was observed in those patients admitted for 
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LL joint replacement (beta=1.8; 95% CI:1.12-2.48) and pneumonia (beta=2.52; 95% 
CI:1.27-3.78) (Table 5). In total, LOS had decreased significantly by about one day per 
year on average (beta=-1.35; 95% CI:-1.48- -1.23). Rehabilitation effectiveness and 
efficiency had also increased significantly in all groups except for pneumonia (Table 5). 
Relative-FE had an increasing trend across all groups with the largest increase in the LL 
joint replacement group (beta=7.96, 95%CI: 5.73-10.2). 
 
From the multivariate analysis, LOS had decreased through the years for all groups 
(Table 5). The overall median LOS had decreased by 16.2% (37 to 31 days) from 1996 
to 2005 for all disease groups (Figure 7). From 1996 to 2005, the highest and sharpest 
decrease in median LOS was observed in the LL amputation group (38.2%; 61.5 to 38 
days). This was followed by the stroke group with a drop in median LOS from 38 days 
to 33 days (Figure 7).  
 
Overall, 78.2% of patients admitted were discharged home, 9.8% were discharged to 
nursing/sheltered homes and 10.9% were re-admitted to the acute hospital (Table 6 and 
Figure 11 to 13). Patients with LL joint replacement or falls were most likely to be 
discharged home (88.6% vs. 69.0-80.0%) or to a nursing home (19.5% vs. 5.8-13.7%) 
respectively. No obvious changes in discharge destination was observed across all the 
disease groups except for the LL joint replacement group (adjusted beta=0.83; 95%CI: 
0.70-0.99) which exhibited a significant decreasing trend in re-admission to acute 
hospitals (Table 6).  
 
We performed sensitivity analyses comparing those with missing BI scores and those 
without missing scores and found that the overall conclusions were similar: the trends in 
 | P a g e  
 
55 
admission BI, discharge BI and LOS from 1996 to 2005 remained the same across all 




In examining the trends across ten years, it was heartening to note that LOS for 
rehabilitation patients admitted into community hospitals in Singapore has decreased 
while the discharge BI has increased, suggesting that reduction in LOS has not occurred 
at the expense of functional recovery. Our declining trend is similar to the United States 
that decreased from 19.6 days in 2000 to 16.5 days in 2007.[84] In contrast, LOS for 
stroke rehabilitation in Japan increased from 91 days in 2005 to 94 days in 2009.[109] 
Possible reasons for this include policies encouraging rehabilitation of severely disabled 
patients thus requiring a longer LOS,[109] and little pressure to discharge patients.[89] 
Nevertheless, LOS for rehabilitation in Singapore community hospitals is almost twice 
that of the United States.[84] There are two possible reasons for this. Firstly, it could be 
that inpatient rehabilitation in Singapore is less intensive (2 hours a day in our 
community hospitals vs. 3 hours a day in US inpatient rehabilitation facilities) resulting 
in slower functional recovery. Secondly, it could be due to Singapore having less-
developed community support services that prevents patients from being discharged 
earlier from community hospitals. Further research is needed to compare differences in 
intensity of rehabilitation and post-discharge community support services between 
Singapore and other countries.   
 
It was also reassuring to note that despite reductions in LOS, rehabilitation outcomes 
such as Absolute-FG, R-effectiveness, R-efficiency and Relative-FE have steadily 
increased from 1996 to 2005, suggesting that the quality of rehabilitation in Singapore 
 | P a g e  
 
56 
has improved. Our findings are in contrast to the US inpatient rehabilitation facilities 
where although Absolute-FG[84, 85, 110] and R-efficiency[87] have improved with 
time, R-effectiveness has largely remained unchanged possibly due to a ceiling effect in 
the rehabilitation process.[111]    
 
The discharge destination to home or nursing home remained largely unchanged with 
time for all conditions after adjusting for variations in the socio-demographic profile of 
patients. In land-scarce Singapore where the building of more nursing homes to meet the 
demands of a rapidly ageing population is undesirable, more can be done to increase the 
rates of discharge to patient’s own homes. Strategies to prevent unnecessary nursing 
home admissions include well-developed and financed health and social service 
infrastructure to support adults with disabilities to age in the community, and targeted 
inpatient and outpatient rehabilitation to support safe and successful community re-
entry. Considering that Singapore’s MOH has established the national Agency for 
Integrated Care to develop intermediate and long term services in response to 
Singapore’s rapidly ageing population, it is anticipated that the proportion of community 
hospital patients discharged to nursing homes will decrease in the next decade.  
 
The female preponderance in fracture cases (73%) is understandable as fragility 
fractures are the result of osteoporosis, which is inherently a post-menopausal 
phenomenon.  Lower limb joint replacement is commonly due to osteoarthritis or 
rheumatoid arthritis, both of which are more prevalent in women,[112-114] which may 
explain why females were more likely to be admitted for LL joint replacement (84%). 
Patients with falls and fractures were also more likely to be widowed than married. 
Possible reasons could be that widows are at an elevated risk of depression[115-117], 
with studies indicating that depression is a strong risk factor for falls.[118-121] Widows 
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are often socially isolated and lack physical support from caregivers that may also 
contribute to the risk of falls.[122-125] Patients admitted due to falls were more likely to 
have no caregiver (i.e. living alone), need greater subsidies and more likely to be 
discharged to a nursing home, suggesting that they are a distinct socio-economically 
disadvantaged group needing special attention. Among all disease groups, LL joint 
replacement patients had the highest discharge functional status (R-effectiveness, R-
efficiency and Relative-FE), and were the most likely group to be discharged home, thus 
reflecting better pre-morbid functional status and the high success rate of this form of 
surgery. On the other end, LL amputees had the longest LOS, and the poorest R-
effectiveness and Relative-FE, probably reflecting the greater co-morbidity (e.g. diabetes 
mellitus and associated sequelae) and poorer wound healing post-amputation. Ironically, 
although stroke was the most common condition requiring rehabilitation, it had the 
lowest R-effectiveness among all disease groups.  
 
Strengths and limitations 
Strengths of our study include the long study duration of 10 years, the large sample size 
and the completeness of nationally representative data that consisted of all patients 
admitted into all community hospitals in Singapore during the study period. This study 
also stratified inpatient rehabilitation outcomes by different disease groups that allowed 
for comparison between different conditions while controlling for variations by study 
site. As studies on trends in rehabilitation are sparse, especially from Asia, this study 
provides valuable trends on rehabilitation in a multi-ethnic Asian population. 
Limitations of our study include the retrospective nature of the data extracted, which is 
dependent on accuracy, and completeness of medical records. It should also be noted 
that a higher percentage of those who were discharged to acute hospitals had missing 
data and were excluded, and only first admissions were included in this analysis. Direct 
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comparison between effectiveness and efficiency between countries was not possible as 
the measure used in this study was the BI whereas the measure used in most US studies 
is the Functional Independence Measure (FIM). Lastly, we used a naturalistic 
observational design in our study and did not experimentally control for non-equivalence 
of the cohort characteristics during the study years. Hence, no direct associations 
between outcome variables should be drawn from this paper’s analysis. Nevertheless, we 
intend to conduct such analyses in future papers.  
 
Conclusions 
In conclusion, the socio-demographic profile and rehabilitation outcomes of patients 
admitted for rehabilitation in Singapore’s community hospitals varied between different 
disease conditions. Rehabilitation outcomes of these patients have improved from 1996 
to 2005 while LOS has decreased. Discharge destinations have largely remained 
unchanged. 
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Table 2. Demographic characteristics for rehabilitation patients by principal diagnosis for all admissions from 1996 to 2005 





















Age, mean (SD) 73.2 (11.5) 71 (10.6) 76.2 (11.9) 66.6 (11) 71.3 (9.8) 73.4 (10.5) 78.2 (9.6) 80.1 (10.7) 72.9 (11.9) <0.001† 
Gender, n (%)  
   
    
 
 
Male 5205 (41.6) 2543 (50.1) 1026 (27) 156 (53.8) 58 (16.2) 109 (45.6) 92 (40.7) 113 (55.4) 1108 (47.8) <0.001‡ 
Female 7301 (58.4) 2532 (49.9) 2770 (73) 134 (46.2) 301 (83.8) 130 (54.4) 134 (59.3) 91 (44.6) 1209 (52.2) 
Ethnicity, n (%)          
 
Chinese 11036 (88.2) 4385 (86.4) 3461 (91.2) 244 (84.1) 318 (88.6) 218 (91.2) 203 (89.8) 177 (86.8) 2030 (87.6) 
<0.001‡ Malay 
810 (6.5) 435 (8.6) 165 (4.3) 17 (5.9) 14 (3.9) 9 (3.8) 16 (7.1) 11 (5.4) 143 (6.2) 
Indian 512 (4.1) 208 (4.1) 125 (3.3) 27 (9.3) 15 (4.2) 9 (3.8) 3 (1.3) 12 (5.9) 113 (4.9) 
Others 148 (1.2) 47 (0.9) 45 (1.2) 2 (0.7) 12 (3.3) 3 (1.3) 4 (1.8) 4 (2) 31 (1.3) 
Community hospital, n (%)          
 
Hospital A 2724 (21.8) 1253 (24.7) 688 (18.1) 68 (23.4) 65 (18.1) 28 (11.7) 82 (36.3) 41 (20.1) 499 (21.5) 
<0.001‡ Hospital B 6755 (54) 2642 (52.1) 1994 (52.5) 179 (61.7) 246 (68.5) 157 (65.7) 110 (48.7) 111 (54.4) 1316 (56.8) 
Hospital C 2537 (20.3) 1080 (21.3) 885 (23.3) 35 (12.1) 44 (12.3) 41 (17.2) 20 (8.8) 47 (23) 385 (16.6) 
Hospital D 490 (3.9) 100 (2) 229 (6) 8 (2.8) 4 (1.1) 13 (5.4) 14 (6.2) 5 (2.5) 117 (5) 
Marital status, n (%)          
 
Single 1089 (8.7) 278 (5.5) 362 (9.5) 28 (9.7) 30 (8.4) 39 (16.3) 27 (11.9) 16 (7.8) 309 (13.3) 
<0.001‡ 
Married 5259 (42.1) 2673 (52.7) 1151 (30.3) 149 (51.4) 128 (35.7) 81 (33.9) 74 (32.7) 72 (35.3) 931 (40.2) 
Widowed 5782 (46.2) 1969 (38.8) 2183 (57.5) 97 (33.4) 186 (51.8) 111 (46.4) 121 (53.5) 109 (53.4) 1006 (43.4) 
Separated or Divorced 364 (2.9) 152 (3) 94 (2.5) 16 (5.5) 15 (4.2) 7 (2.9) 4 (1.8) 6 (2.9) 70 (3) 
Unknown 12 (0.1) 3 (0.1) 6 (0.2) 0 (0) 0 (0) 1 (0.4) 0 (0) 1 (0.5) 1 (0) 
Caregiver availability, n (%)          
 
No 1202 (9.6) 303 (6) 397 (10.5) 25 (8.6) 56 (15.6) 29 (12.1) 36 (15.9) 24 (11.8) 332 (14.3) <0.001‡ 
Yes 11304 (90.4) 4772 (94) 3399 (89.5) 265 (91.4) 303 (84.4) 210 (87.9) 190 (84.1) 180 (88.2) 1985 (85.7) 
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Subsidy n(%)          
A-B2 Ward 5561 (44.5) 2658 (52.4) 1536 (40.5) 127 (43.8) 177 (49.3) 108 (45.2) 52 (23) 74 (36.3) 829 (35.8) <0.001
‡ 
C Ward 6945 (55.5) 2417 (47.6) 2260 (59.5) 163 (56.2) 182 (50.7) 131 (54.8) 174 (77) 130 (63.7) 1488 (64.2) 
Admission BI, mean (SD) 45.6 (25.7) 38.5 (26.4) 49.1 (23.2) 52.9 (22.6) 66.6 (19.5) 51.3 (25.9) 51.4 (22.9) 42.6 (26.8) 50.4 (25.1) <0.001‡ 
 
*P-value for test of differences across disease groups:  †Analysis of variance test (ANOVA);   ‡Chi-square test  
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Table 3. Comparison between those with both BI scores available and those with missing Barthel scores 
Variables Total (n=14777) 
Both BI scores 
available  
(n=12506) 




Age, mean (SD) 73.2 (11.5) 73.2 (11.5) 73.3 (11.7) 0.577† 
Gender, n (%)    
 
Male 6208 (42) 5205 (41.6) 1003 (44.2) 0.024‡ 
Female 8569 (58) 7301 (58.4) 1268 (55.8) 
Ethnicity, n (%)    
 
Chinese 13047 (88.3) 11036 (88.2) 2011 (88.6) 
0.320‡ Malay 940 (6.4) 810 (6.5) 130 (5.7) 
Indian 618 (4.2) 512 (4.1) 106 (4.7) 
Others 172 (1.2) 148 (1.2) 24 (1.1) 
Community hospital, n (%)    
 
Hospital A 3774 (25.5) 2724 (21.8) 1050 (46.2) 
<0.001‡ Hospital B 7769 (52.6) 6755 (54) 1014 (44.6) 
Hospital C 2710 (18.3) 2537 (20.3) 173 (7.6) 
Hospital D 524 (3.5) 490 (3.9) 34 (1.5) 
Marital status, n (%)    
 
Single 1285 (8.7) 1089 (8.7) 196 (8.6) 
0.154‡ 
Married 6263 (42.4) 5259 (42.1) 1004 (44.2) 
Widowed 6787 (45.9) 5782 (46.2) 1005 (44.3) 
Separated or Divorced 425 (2.9) 364 (2.9) 61 (2.7) 
Unknown 17 (0.1) 12 (0.1) 5 (0.2) 
Caregiver, n (%)    
 
No 1472 (10) 1202 (9.6) 270 (11.9) 0.001‡ 
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Variables Total (n=14777) 
Both BI scores 
available  
(n=12506) 




Age, mean (SD) 73.2 (11.5) 73.2 (11.5) 73.3 (11.7) 0.577† 
Gender, n (%)    
 
Yes 13305 (90) 11304 (90.4) 2001 (88.1) 
Subsidy n(%)     
A-B2 Ward 6575 (44.5) 5561 (44.5) 1014 (44.6) 
0.872‡ 
C Ward 8202 (55.5) 6945 (55.5) 1257 (55.4) 
Discharge Destination, n (%)    
 
     Home 10959 (74.2) 9777 (78.2) 1182 (52.0) 
<0.001‡ 
     Nursing Home 1377 (9.3) 1179 (9.4) 198 (8.7) 
     Death in CH 29 (0.2) 15 (0.1) 14 (0.6) 
     Acute Hospital 2187 (14.8) 1359 (10.9) 828 (36.5) 
     Sheltered Home 47 (0.3) 43 (0.3) 4 (0.2) 
     Another CH 50 (0.3) 39 (0.3) 11 (0.5) 
     AOR Discharge 39 (0.3) 24 (0.2) 15 (0.7) 
     Others 89 (0.6) 70 (0.6) 19 (0.8) 
LOS (days), median (IQR) 31 (19 – 47) 33 (22 – 49) 17 (8 – 34) <0.001§ 
 
* P-value of test for differences in those with both BI scores available vs. those with missing Barthel scores 
†Two-sample t-test; ‡Chi-square test; §Mann-Whitney U test 
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Table 4. Overall outcome measures for rehabilitation patients by principal diagnosis for all admissions from 1996 to 2005 




















Discharge Destination, n 
(%)           
     Home 9778 (78.2) 4043 (79.7) 3036 (80) 213 (73.4) 318 (88.6) 173 (72.4) 156 (69) 146 (71.6) 1693 (73.1) 
<0.001† 
     Nursing Home 1179 (9.4) 451 (8.9) 334 (8.8) 28 (9.7) 16 (4.5) 18 (7.5) 41 (18.1) 27 (13.2) 264 (11.4) 
     Death in CH 15 (0.1) 4 (0.1) 3 (0.1) 0 (0) 0 (0) 3 (1.3) 0 (0) 1 (0.5) 4 (0.2) 
     Acute Hospital 1358 (10.9) 508 (10) 376 (9.9) 44 (15.2) 21 (5.8) 41 (17.2) 24 (10.6) 25 (12.3) 319 (13.8) 
     Sheltered Home 43 (0.3) 7 (0.1) 20 (0.5) 0 (0) 1 (0.3) 1 (0.4) 3 (1.3) 1 (0.5) 10 (0.4) 
     Another CH 39 (0.3) 26 (0.5) 5 (0.1) 1 (0.3) 0 (0) 0 (0) 1 (0.4) 2 (1) 4 (0.2) 
     AOR Discharge 24 (0.2) 10 (0.2) 5 (0.1) 0 (0) 2 (0.6) 1 (0.4) 0 (0) 1 (0.5) 5 (0.2) 
     Others 70 (0.6) 26 (0.5) 17 (0.4) 4 (1.4) 1 (0.3) 2 (0.8) 1 (0.4) 1 (0.5) 18 (0.8) 
LOS, median (IQR) 33 (22-49) 36 (23-52) 33 (23-48) 45 (28-64) 24 (17-36) 26 (15-39) 33 (23-47) 28 (18-38) 30 (19-43) <0.001§ 
Discharge BI, mean (SD) 60.3 (28.9) 52.8 (30.4) 65.1 (26.3) 65.2 (26.2) 80.5 (18.5) 64.2(27.7) 66.3 (23.6) 54.2 (30.7) 64.7 (27.5) <0.001‡ 










50.0) 45.5 (22.4-69.6) 28.3 (5.6-50) 
31.1 (6.8-








22.5) 14.3 (5.3-25.0) 7.7 (2.7-15.0) 17.5 (9.2-28.3) 12.9 (3.4-28) 
13.0 (3.5-












38.9) 59.5 (28.6-107.1) 34.9 (8-67.9) 
33.9 (6.9-




Absolute-FG =Absolute functional gain; R-effectiveness= Rehabilitation effectiveness; R-efficiency= Rehabilitation efficiency;  
Relative-FE = Relative functional efficiency (REs/BIduration) 
* P-value of test difference across disease groups:  †Chi-square test;   ‡Analysis of variance test (ANOVA);   § Kruskal Wallis test 
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Table 5. Beta coefficients for trend in rehabilitation outcomes by principal diagnosis for all admissions from 1996 to 2005 
 
Unadjusted Beta  
(95% CI) † 
Adjusted Beta  
(95% CI) ‡ 
Admission BI Score    
Total (n=12506) 1.50 (1.34-1.65)** 1.6 (1.44-1.75)** 
Stroke (n=5075) 0.70 (0.44-0.96)** 0.85 (0.59-1.1)** 
Fracture (n=3796) 1.45 (1.2-1.71)** 1.58 (1.34-1.83)** 
Lower limb amputation (n=290) 0.20 (-0.73-1.13) 0.03 (-0.86-0.92) 
Lower limb joint replacement (n=359) 1.80 (1.12-2.48)** 1.66 (0.99-2.32)** 
Cancer (n=239) 1.49 (0.17-2.81)* 1 (-0.32-2.32) 
Falls (n=226) 0.83 (-0.36-2.02) 0.81 (-0.39-2.01) 
Pneumonia  (n=204) 2.52 (1.27-3.78)** 2.47 (1.17-3.77)** 
Others (n=2317) 1.17 (0.81-1.53)** 1.2 (0.85-1.55)** 
Discharge BI Score    
Total (n=12506) 2.32 (2.15-2.49)** 0.95 (0.85-1.04)** 
Stroke (n=5075) 1.63 (1.33-1.93)** 1.01 (0.85-1.17)** 
Fracture (n=3796) 2.37 (2.08-2.65)** 1.09 (0.92-1.26)** 
Lower limb amputation (n=290) 0.86 (-0.2-1.93) 0.69 (0.15-1.23)* 
Lower limb joint replacement (n=359) 2.58 (1.96-3.21)** 1.23 (0.85-1.61)** 
Cancer (n=239) 2.19 (0.82-3.57)** 0.95 (0.21-1.69)* 
Falls (n=226) 1.69 (0.49-2.9)** 1.11 (0.39-1.84)** 
Pneumonia  (n=204) 3.05 (1.58-4.51)** 0.32 (-0.49-1.13) 
Others (n=2317) 1.87 (1.48-2.26)** 0.8 (0.58-1.01)** 
Absolute functional gain (Absolute-FG)   
Total (n=12506) 0.83 (0.74-0.92)** 0.95 (0.85-1.04)** 
Stroke (n=5075) 0.92 (0.76-1.08)** 1.01 (0.85-1.17)** 
Fracture (n=3796) 0.93 (0.76-1.09)** 1.09 (0.92-1.26)** 




Unadjusted Beta  
(95% CI) † 
Adjusted Beta  
(95% CI) ‡ 
Lower limb amputation (n=290) 0.70 (0.16-1.23)* 0.69 (0.15-1.23)* 
Lower limb joint replacement (n=359) 0.81 (0.41-1.22)** 1.23 (0.85-1.61)** 
Cancer (n=239) 0.83 (0.1-1.56)* 0.95 (0.21-1.69)* 
Falls (n=226) 0.81 (0.06-1.55)* 1.11 (0.39-1.84)** 
Pneumonia  (n=204) 0.46 (-0.3-1.22) 0.32 (-0.49-1.13) 
Others (n=2317) 0.71 (0.5-0.93)** 0.80 (0.58-1.01)** 
Length of stay   
Total (n=12506) -1.35 (-1.48--1.23)** -1.16 (-1.29--1.03)** 
Stroke (n=5075) -1.3 (-1.51--1.09)** -1.12 (-1.32--0.91)** 
Fracture (n=3796) -1.04 (-1.27--0.82)** -0.9 (-1.13--0.67)** 
Lower limb amputation (n=290) -2.05 (-3.09--1.01)** -2.07 (-3.07--1.06)** 
Lower limb joint replacement (n=359) -1.32 (-1.91--0.73)** -0.68 (-1.27--0.09)* 
Cancer (n=239) -1.16 (-2.02--0.31)** -1 (-1.87--0.13)* 
Falls (n=226) -1.05 (-2.05--0.05)** -0.98 (-2-0.04) 
Pneumonia  (n=204) -0.92 (-1.76--0.07)* -0.96 (-1.88--0.04)* 
Others (n=2317) -1.44 (-1.72--1.17)** -1.37 (-1.65--1.09)** 
Rehabilitation effectiveness (R-effectiveness)   
Total (n=12506) 2.23 (2.04-2.42)** 1.71 (1.53-1.89)** 
Stroke (n=5075) 1.73 (1.43-2.03)** 1.56 (1.29-1.84)** 
Fracture (n=3796) 2.3 (1.95-2.65)** 1.88 (1.54-2.22)** 
Lower limb amputation (n=290) 1.38 (0.13-2.62)* 1.31 (0.19-2.43)* 
Lower limb joint replacement (n=359) 4.89 (3.81-5.96)** 4.21 (3.1-5.31)** 
Cancer (n=239) 2.29 (0.71-3.88)** 1.79 (0.26-3.32)* 
Falls (n=226) 1.74 (0.22-3.26)* 1.68 (0.15-3.22)* 
Pneumonia  (n=204) 1.61 (-0.01-3.22) -0.03 (-1.64-1.58) 




Unadjusted Beta  
(95% CI) † 
Adjusted Beta  
(95% CI) ‡ 
Others (n=2317) 2.07 (1.6-2.54)** 1.59 (1.15-2.04)** 
Rehabilitation efficiency (R-efficiency)   
Total (n=12506) 1.09 (0.98-1.2)** 1.07 (0.96-1.18)** 
Stroke (n=5075) 1.14 (0.97-1.32)** 1.12 (0.95-1.29)** 
Fracture (n=3796) 1.09 (0.9-1.29)** 1.16 (0.96-1.36)** 
Lower limb amputation (n=290) 0.83 (0.24-1.43)** 0.86 (0.27-1.46)** 
Lower limb joint replacement (n=359) 1.25 (0.63-1.87)** 1.36 (0.71-2.01)** 
Cancer (n=239) 0.86 (-0.15-1.87) 0.89 (-0.16-1.93) 
Falls (n=226) 1.49 (0.57-2.41)** 1.76 (0.85-2.68)** 
Pneumonia  (n=204) -0.27 (-1.19-0.65) -0.63 (-1.61-0.35) 
Others (n=2317) 0.93 (0.65-1.2)** 0.95 (0.67-1.22)** 
Relative functional efficiency (Relative-FE)   
Total (n=12506) 3.19 (2.89-3.49)** 2.32 (2.03-2.61)** 
Stroke (n=5075) 2.42 (1.97-2.88)** 2.01 (1.58-2.43)** 
Fracture (n=3796) 2.87 (2.34-3.41)** 2.19 (1.66-2.71)** 
Lower limb amputation (n=290) 1.84 (0.51-3.17)** 1.77 (0.52-3.01)** 
Lower limb joint replacement (n=359) 7.96 (5.73-10.2)** 5.7 (3.46-7.95)** 
Cancer (n=239) 3.5 (0.74-6.27)* 2.3 (-0.37-4.98) 
Falls (n=226) 3.61 (1.18-6.03)** 3.76 (1.32-6.21)** 
Pneumonia  (n=204) 1.62 (-0.96-4.19) -1 (-3.56-1.55) 
Others (n=2317) 3.2 (2.41-4)** 2.49 (1.73-3.25)** 
** P-value <0.01 
* 0.01 < P-value <0.05 
† Bivariate linear mixed model adjusting for community hospital (Hospital A, B, C, D) as random effects. Fixed effect is year of admission (1996 to 2005) 
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‡ Multivariate linear mixed model adjusting for community hospital (Hospital A, B, C, D) as random effects. Fixed effects are age, gender (male, female), race (Chinese, 
Malay, Indians, others), marital status (married, single/widowed/separated/divorced), caregiver availability (yes, no), admission BI score, year of admission  (1996 to 2005) 
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(95% CI) † 
Exp(beta)  
 (95% CI) ‡ 
Total (n=12506)    
Home 9778 (78.2) 1.00 1.00 
Nursing / Sheltered Home 1222 (9.8) 0.98 (0.96-1.01) 1.01 (0.98-1.04) 
Acute Hospital 1358 (10.9) 0.997 (0.98-1.02) 1.04 (1.02-1.06)** 
Stroke (n=5075)    
Home 4043 (79.7) 1.00 1.00 
Nursing / Sheltered Home 458 (9.0) 1.01 (0.97-1.05) 1.03 (0.99-1.08) 
Acute Hospital 508 (10) 1.03 (0.99-1.07) 1.06 (0.96-1.16) 
Fracture (n=3796)    
Home 3036 (80.0) 1.00 1.00 
Nursing / Sheltered Home 354 (9.3) 0.98 (0.94-1.02) 1.04 (0.99-1.09) 
Acute Hospital 376 (9.9) 0.98 (0.94-1.02) 1.02 (0.98-1.06) 
Lower limb amputation (n=290)    
Home 213 (73.4) 1.00 1.00 
Nursing / Sheltered Home 28 (9.7) 1.03 (0.89-1.19) 1.09 (0.93-1.27) 
Acute Hospital 44 (15.2) 1.04 (0.92-1.18) 1.04 (0.91-1.19) 
Lower limb joint replacement (n=359)   
Home 318 (88.6) 1.00 1.00 
Nursing / Sheltered Home 21 (5.8) 0.82 (0.69-0.97)** 0.88 (0.73-1.07) 
Acute Hospital 21 (5.8) 0.83 (0.71-0.97)* 0.88 (0.73-1.05) 
Cancer (n=239)    
Home 173 (72.4) 1.00 1.00 
Nursing / Sheltered Home 19 (7.9) 1.19 (0.92-1.53) 1.17 (1.12-1.21)** 







(95% CI) † 
Exp(beta)  
 (95% CI) ‡ 
Acute Hospital 41 (17.2) 1.08 (0.94-1.24) 1.1 (0.94-1.27) 
Falls (n=226)    
Home 156 (69.0) 1.00 1.00 
Nursing / Sheltered Home 44 (19.5) 0.99 (0.87-1.13) 0.94 (0.81-1.08) 
Acute Hospital 24 (10.6) 0.90 (0.76-1.06) 0.98 (0.82-1.18) 
Pneumonia  (n=204)    
Home 146 (71.6) 1.00 1.00 
Nursing / Sheltered Home 28 (13.7) 0.98 (0.96-1.006) 1.00 (0.81-1.23) 
Acute Hospital 25 (12.3) 0.997 (0.98-1.02) 0.78 (0.65-0.94)** 
Others (n=3345)    
Home 1693 (73.1) 1.00 1.00 
Nursing / Sheltered Home 274 (11.8) 0.93 (0.89-0.98)** 0.95 (0.9-0.998)* 
Acute Hospital 319 (13.8) 0.97 (0.93-1.02) 1.02 (0.97-1.07) 
** P-value <0.01 
* 0.01 < P-value <0.05 
† Bivariate linear mixed model adjusting for community hospital (Hospital A, B, C, D) as random effects. Fixed effect is year of admission (1996 to 2005) 
‡ Multivariate linear mixed model adjusting for community hospital (Hospital A, B, C, D) as random effects. Fixed effects are age, gender (male, female), race (chinese, malay, 
indians, others, marital status (married, single/widowed/separated/divorced), caregiver availability (yes, no), admission BI score, year of admission  (1996 to 2005) 
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CHAPTER THREE: FACTORS ASSOCIATED WITH  




Objectives: To (1) identify social and rehabilitation predictors of nursing home 
placement, (2) investigate the association between effectiveness and efficiency in 
rehabilitation and nursing home placement of patients admitted for inpatient 
rehabilitation from 1996 to 2005 by disease in Singapore.  
 
Design: National data were retrospectively extracted from medical records of 
community hospital.  
 
Data Sources: There were 12,506 first admissions for rehabilitation in four 
community hospitals. Of which, 8,594 (90.3%) patients were discharged home and 
924 (9.7%) patients were discharged to a nursing home. Other discharge destinations 
such as sheltered home (n=37), other community hospital (n=31), death in community 
hospital (n=12), acute hospital (n=1,182) and discharge against doctor’s advice (n=24) 
were excluded 
 
Outcome Measure: Nursing home placement. 
 
Results: Those who were discharged to nursing homes had 33% lower median 
rehabilitation effectiveness and 29% lower median rehabilitation efficiency compared 
to those who were discharged home. Patients discharged to nursing homes were 
significantly older (mean age: 77 vs. 73 years), had lower mean Barthel Index scores 
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(40 vs. 48), a longer median length of stay (40 vs. 33 days) and a longer time to 
rehabilitation (19 vs. 15 days), had a higher proportion without a caregiver (28 vs. 
7%), being single (21 vs. 7%) and had dementia (23 vs. 10%). Patients admitted for 
lower limb amputation or falls had increased odds of being discharged to a nursing 
home by 175% (p<0.001) and 65% (p=0.043) respectively compared to stroke 
patients. 
 
Conclusions: In our study, the odds of nursing home placement was found to be 
increased in Chinese, males, single or widowed or separated/divorced, patients in high 
subsidy wards for hospital care, patients with dementia, without caregivers, lower 
functional scores at admission, lower rehabilitation effectiveness or efficiency at 
discharge and primary diagnosis groups such as fractures, lower limb amputation and 
falls in comparison to strokes. 
 
Word count = 295 words  
  





There is an increasing global demand for nursing home beds due to the growing 
ageing population.[126] The need for nursing home institutionalization is often 
complex and driven by many factors such as the patient’s age, medical conditions, 
socio-demographic variables, cost issues and caregiver availability. However, these 
factors may vary in importance between different diseases.  
 
Singapore is a rapidly ageing society. With an increasing life expectancy at birth of 
84.3 years for women and 79.6 years for men in 2012,[127] the number of elderly 
aged 65 years and above will triple to over 900,000 by 2030.[128] There are 
altogether 8 public hospitals in Singapore that comprise of 6 acute hospitals, a 
women's and children's hospital and a psychiatric hospital. The general hospitals 
provide multi-disciplinary acute inpatient and specialist outpatient services and a 24-
hour emergency department. [129] Community hospitals in Singapore were 
introduced as part of the intermediate and long term care for the convalescent sick and 
aged who do not require the care of the acute hospitals. Although community 
hospitals provide mainly rehabilitation, they also offer sub-acute, chronic sick and 
respite care. Community hospitals are distinct from acute hospitals as they do not 
offer acute emergency services or provide expensive ancillary services such as 
computerized tomography or magnetic resonance imaging services. According to 
MOH guidelines, it is generally recommended that rehabilitation units in acute 
hospitals cater to younger patients where the goal is to return the patient to the 
workforce while rehabilitation in community hospitals cater to older patients where 
the goal is to return the patient to their homes.[130] As a result, staffs in rehabilitation 
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units in acute hospitals are trained in specialized fields such as traumatic spinal injury 
while staffs in community hospitals are trained in geriatric medicine. 
 
In general, patients are directly admitted to these community hospitals from acute 
hospitals and receive inpatient rehabilitation during their stay.  Most patients are 
discharged to their own homes but a few are transferred to a nursing home. A 
minority of patients are transferred back to the acute hospital, usually within the first 
week of admission, because their medical status deteriorates beyond the community 
hospital’s capability to manage them safely. Patients transferred to community 
hospitals are usually newly disabled elderly who suffered an acute medical condition 
requiring rehabilitation.  The common principal diagnoses for admission include 
stroke, hip fractures, de-conditioning from medical illness or surgery and 
amputations.[131] 
 
Nursing homes are run by either the private sector or the voluntary welfare sector 
(VWOs) in Singapore. Elderly persons may be admitted into a nursing home if they 
require daily skilled nursing care or assistance in activities of daily living (ADL) or 
have no caregiver to look after them at home.[132] To qualify for nursing home care 
they must be semi-ambulant, wheel-chair or bed bound. Those with medical 
conditions (e.g. stroke, diabetes mellitus with complications, head or spinal injury) are 
also eligible for nursing home care. Nursing homes provide a range of services to 
meet the needs of their residents, including medical care, nursing care, physiotherapy, 
dietary services and dental care. Some nursing homes provide care for persons with 
special needs such as dementia and persons with stable psychiatric conditions. Respite 
care is also available at some nursing homes where provision for short-term care of a 
few weeks can be arranged. It is projected that by 2030, the number of elderly who 
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are semi-ambulant or non-ambulant will double to 117,000, while dementia cases 
would almost triple to 80,000.[133] Thus there is a need in Singapore to ensure a 
continuum of care from an acute to the community setting to serve the increasing 
ageing population, especially those with chronic diseases.  
 
Several studies have consistently reported that being female, marital status (lack of a 
spouse), advanced age, minority race, and poverty status are determinants of nursing 
home admission.[134-137] Risk of nursing home placement is increased with poorer 
socioeconomic status.[134, 138] In addition, social support and caregiver support are 
associated with nursing home placement.[139, 140]   
 
Most major studies to date have indicated that impairment in activities of daily living 
(ADL) significantly increases the risk of nursing home placement.[134, 141-145] 
Health-related factors such as functional disabilities were found to be more important 
predictors than demographic profile or support system.[135] Shapiro at el. reported 
that without adding an ADL problem, the chances of institutionalisation for an older 
patient remained below 50%, even when all other risk factors (i.e. aged ≥85, no 
spouse living together, recent hospital admission, living in retirement housing, mental 
impairment) were present.[136] A local study showed similar findings where 43% of 
residents admitted to the nursing home were due to both medical and social factors, 
with malnutrition, urinary incontinence, falls, functional decline, and impaired vision 
or hearing identified as common variables.[146] Few studies have documented the 
association between rehabilitation discharge outcomes such as rehabilitation 
effectiveness and efficiency, and nursing home placement compared across different 
diseases. A recent study by Koh et al [147] observed trade-offs between rehabilitation 
effectiveness and efficiency with respect to hospital admission Barthel Index score 
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and length of stay for stroke patients. As length of stay increased, patients performed 
better in rehabilitation effectiveness at the expense of rehabilitation efficiency. It will 
be useful to determine whether these rehabilitation outcomes predict nursing home 
placements across different diseases and the socio-demographic characteristics of 
patients admitted for inpatient rehabilitation in Singapore community hospitals and 
nursing home placement, in order to better prepare patients and their caregivers for 




Data from medical records were retrospectively extracted for all patients admitted into 
the four community hospitals across Singapore for rehabilitation from 2 January 1996 
to 31 December 2005. Hospital A is a 200-bedded hospital which opened in 1993. 
Hospital B is a 185-bedded community hospital which opened in 1996. Hospital C is 
the oldest community hospital in Singapore – it opened in 1992 and only had 40 beds 
till 2005 when it moved to a new premise and expanded its bed capacity to 200 beds. 
Hospital D opened in 2003 and currently has 120 beds. 
 
Community hospitals in Singapore provide inpatient rehabilitation for the needs of 
Singaporeans.[148] As per Singapore’s Ministry of Health guidelines, community 
hospitals ensure that these patients achieve their optimal health potential before 
discharge.[149] Rehabilitation is provided each weekday for approximately one hour, 
twice daily. This includes individualized physical, occupational and speech therapy as 
appropriate. Data extraction from non-computerized medical records was manually 
performed from November 2005 to August 2008 by four research nurses who were 
trained and supervised by the last author (GK). Multiple iterations of data cleaning 
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and verification were performed. A 10% random sample of patients was subsequently 
analyzed for data extraction accuracy by an independent physician and the error rate 
was 0.07%. The study was approved by the National University of Singapore 
Institutional Review Board (NUS-IRB) and ethics committees of Ang Mo Kio Thye 
Hua Kwan Hospital, Bright Vision Hospital, St Andrew’s Community Hospital and St 
Luke’s Hospital. Written informed consent of the patient was waived by approving 
NUS-IRB.  The corresponding author and all research nurses have taken the oath of 
confidentiality under Singapore’s Official Secrets Act and only the minimum number 
of research personnel had access to the de-identified dataset.   
 
Data Management 
For our study, we only included first admissions for rehabilitation. Independent 
variables were socio-demographic variables and variables related to caregiver factors. 
In Singapore, only patients staying in C class (non air-conditioned 8-bedded) or B2 
class (non air-conditioned 6-bedded) wards receive government subsidies for hospital 
stay (75% and 50% subsidy respectively); patients in higher class (i.e. air-conditioned 
four bedded to single bedded) wards do not receive subsidies. We dichotomized 
government subsidy levels into C class versus B2 class and above, as C class patients 
best represent the lower socio-economic group in our population.  
 
Outcome Measures 
Length of stay was calculated as the total number of days from hospital admission to 
discharge. Functional status was assessed using the Shah-modified Barthel Index (BI) 
by all rehabilitation hospitals in Singapore as recommended by our local Ministry of 
Health.[149] The Shah-modified BI has a range from zero to 100, with five sub-
categories for each of the 10 activities of daily living category, and 100 possible 
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discrete values [75] where higher scores reflect greater independence in function. The 
five subcategories are (1) patients who were unable to perform the task, (2) patients 
greatly dependent or unsafe to perform the task without caregiver’s presence, (3) 
patients requiring moderate assistance to complete the task, (4) patients requiring 
minimal assistance and (4) patients who are fully independent. As per the Singapore 
Ministry of Health’s requirements, admission BI should be scored within 48 hours of 
admission and at least every two weeks until discharge.[149] These were assessed by 
both physiotherapists and occupational therapists. The first BI score recorded was 
taken as the admission BI and last BI score was recorded as the discharge BI. 
Absolute functional gain (Absolute-FG) is the amount of improvement achieved with 
rehabilitation calculated as: 
 
Absolute-FG = Discharge BI score - Admission BI score 
 
Rehabilitation outcomes can be measured in terms of rehabilitation effectiveness (R-
effectiveness)[103] and rehabilitation efficiency (R-efficiency)[103, 107]. Patients 
with negative R-effectiveness and R-efficiency measures have declined in functional 
status.  
 
Rehabilitation effectiveness was a concept first suggested by Heinemann et al in 1987 
who reported the mean percentage of achieved rehabilitation potential of their study 
population as 55% (standard deviation, SD = 15%).[103] However, it was Shah et al 
who coined the term Rehabilitation effectiveness later in 1990.[107] Expressed as a 
percentage reflecting the proportion of potential improvement actually achieved 
during rehabilitation, it can be calculated using the formula:  
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R-effectiveness =  Absolute-FG X 100% 
Maximum BI score (i.e.100) - Admission BI score 
 
The concept of rehabilitation efficiency was also first suggested by Heinemann et al in 
1987 who reported the mean rehabilitation efficiency index of their study population 
as 0.6 units per day (SD = 0.5 units per day) using the BI.[103] Later, Shah et al 
renamed this concept to simply Rehabilitation efficiency.[107] It is the amount of 
functional improvement divided by the duration of rehabilitation.  It can be regarded 
as the average increase in the score of a functional assessment tool per 30 days and is 
calculated using the following formula:  
R- efficiency =  
Absolute-FG X 30 days 
No. of days between admission and discharge scoring  
 
The discharge destination of patients was collected from patient records at community 
hospitals and coded as home, acute hospital, nursing home, sheltered home, discharge 
against doctor’s advice, death and others. Sheltered homes in Singapore are residential 
facilities that cater to the needs of ambulant elderly and provide some support services 
to maintain their independence within the community. We only selected patients who 
were discharged home or to a nursing home, and excluded other discharge 
destinations. 
 
All analyses were adjusted for the primary diagnosis at admission that consisted of six 
disease groups: stroke, fracture, lower limb (LL) amputation, LL joint replacement, 
falls, and others. We included both infarct and haemorrhagic cerebrovascular events 
under the category ‘stroke’; the majority of limb fractures involved the lower limb; 
LL amputations included forefoot, below-knee and above knee amputations; LL joint 
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replacements included hip and knee joint replacements; falls included all cases where 
falls were the primary reason for admission for rehabilitation.  
 
Statistical Analysis 
We used descriptive statistics to examine differences in socio-demographic 
characteristics and discharge destination. Fisher’s exact test was performed to test for 
association between 2x2 categorical variables while the Chi-square test was 
performed on the other categorical variables. The independent t-test was performed on 
variables with a normal distribution and the Mann-Whitney U test was performed on 
skewed variables to test for differences in means and medians respectively across two 
groups. Analysis of variance (ANOVA) was performed on data with a normal 
distribution and the Kruskal Wallis test was performed on data with a skewed 
distribution to test for differences between three or more groups based on their 
primary diagnosis at admission. In handling outliers, natural log transformation was 
performed on R-effectiveness and R-efficiency. However, as this could only be 
performed on positive outcomes, those who had deteriorated in their functional status 
would be missing. We also performed analyses by shifting all data points to the right 
by the same factor and took natural log transformation. However, the odds ratio 
became less interpretable. Outliers were defined as having an absolute value greater 
than three times the standard deviation from the mean and these were dropped for 
certain variables (R-effectiveness (n= 1503), R-efficiency (n= 1503), length of stay 
(n=1389), and time from onset of principal diagnosis to rehabilitation (n=1297)). A 
backward stepwise logistic regression model was used to predict the discharge 
destinations of home and nursing home. The treating hospital and year of admission 
were adjusted as clustering effects. The Hosmer-Lemeshow goodness-of-fit chi-
square statistic was used to test for goodness-of-fit.[150] The likelihood ratio test was 
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used to test for comparisons across nested models. Akaike information criterion (AIC) 
and Bayesian information criterion (BIC) were computed in the model summary. We 
used STATA version 11 (StataCorp LP, USA) for statistical analysis and the 





Among the 17,046 inpatient admissions for rehabilitation, 2,271 had missing 
information on either admission BI (n=665) or discharge BI (n=1,904) or both which 
resulted in missing values in R-effectiveness or R-efficiency. Among those with a 
missing BI score, 823 (40%) patients were discharged back to acute hospitals and 
only 197 (9.6%) were discharged to nursing homes; 2,269 (13.3%) second and 
subsequent admissions were excluded; 1,702 patients were further excluded due to 
extreme values for R-effectiveness (n=1503), R-efficiency (n=1503), length of stay 
(n=1389) or time to rehabilitation (n=1297), leaving 9,518 patients as the final study 
population who were discharged home (n=8,594; 90.3%) or to a nursing home 
(n=924; 9.7%). Other discharge destinations such as sheltered home (n=37), other 
community hospital (n=31), death in community hospital (n=12), acute hospital 
(n=1,182) and discharge against doctor’s advice (n=24) were excluded.  
 
Univariate analyses 
The overall median R-effectiveness and R-efficiency were 31.6% and 13.9 units per 
month respectively. Compared to those discharged home, patients placed in nursing 
homes had 33% lower median R-effectiveness (22 vs. 33%), 29% lower median R-
efficiency (10 vs. 14), were significantly older (mean age: 77 vs. 73 yrs. old), had 
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lower mean admission ADL scores (40 vs. 48), a longer median length of stay (40 vs. 
33 days) and a longer time to rehabilitation (19 vs. 15 days) (Table 7), had a higher 
proportion without a caregiver (28 vs. 7%), being single (21 vs. 7%), widowed (50 vs. 
47%), separated/divorced (5 vs. 3%), with chronic pulmonary disease (6 vs. 4%), 
dementia (23 vs. 10%), lower proportion with diabetes (29 vs. 38%), hypertension (61 
vs. 66%) and hyperlipidemia (25 vs. 30%) (Table 7).  
 
After adjusting for clustering effects (year of admission and hospital clusters), those 
admitted for LL arthroplasty had 0.43 (95% CI: 0.24-0.78) odds of being discharged 
to a nursing home compared to stroke patients (p=0.006), whereas those admitted due 
to falls had 2.12 (95% CI: 1.41-3.17) odds of being discharged to a nursing home 
compared to stroke patients (p<0.001) (Table 8).  
 
These variables could be group into four broad groups (social, rehabilitation, medical 
conditions and confounders): social variables were marital status, caregiver 
availability and government subsidy class; rehabilitation variables were admission BI 
scores, time to rehabilitation, R-effectiveness and R-efficiency; medical conditions 
were primary diagnosis at admission, dementia, peripheral vascular disease and 
hemiplegia; and confounders were age, gender ethnicity and religion.  
 
Multivariate analyses 
Those who were admitted to a nursing home had a longer hospital length of stay as 
they were required to wait for their placements. Thus this phenomenon of lengthened 
stay could be an artifact and thus we excluded it when fitting our best fit regression 
model. In the multivariate analyses, after adjusting for clustering (year of admission 
and hospital), every unit increase in functional rehabilitation outcomes R-
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effectiveness or R-efficiency, the odds of nursing home admission was 0.99 (95% CI: 
0.99-1.00, p <0.001) and 0.99 (95% CI: 0.98-1.00, p<0.001) times respectively (Table 
9). Patients admitted with LL amputation or falls had an odds of nursing home 
placement of 2.75 (1.59-4.77, p<0.001) and 1.65 (1.02-2.67, p=0.043) compared to 
stroke patients respectively. The strongest predictor of discharge to a nursing home 
observed was the absence of a caregiver. Patients without a caregiver had an odds of 
nursing home placement of 4.39 (95% CI: 3.51-5.48, p<0.001)) times compared to 
those with a caregiver. Patients who were widowed or separated/divorced or single 
had a respective odds of nursing home placement of 4.14 (3.13-5.49, p<0.001), 3.46 
(2.32-5.16, p<0.001) and 1.60 (1.30-1.96, p<0.001) compared to those who were 
currently married. For every 1 year increase in age, the odd of being discharged to a 
nursing home was 1.03 (95% OR: 1.02-1.04, p<0.001). Patients with dementia or 
hemiplegia had respective odds of nursing home placement of 1.85 (1.52-2.25, 
p<0.001) and 1.38 (1.09-1.74, p=0,007) compared to those without the disease. Every 
1 day increase in time to rehabilitation, the odds of nursing home placement was 1.02 
(1.01-1.02, p<0.001). Chinese had the highest odds of being discharged to a nursing 
home compared to Malays or Indians. Female had lower odds of nursing home 
placement of 0.71 (95%:0.59-0.84, p<0.001) compared to males (Table 9).  
 
The best-fit model including social variables, rehabilitation variables medical 
variables and confounders explained 20.1% of variation whereas the best-fit model 
with length of stay explained 19.5%. After adjusting for clustering variables, the 
largest percentage variation was explained by social variables (9.48%), followed by 
rehabilitation variables (6.10%) and confounders (4.05%) as well as medical 
conditions of patients at admission (3.62%) (Table 10). 
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Upon stratification by primary diagnosis at admission, the best fit model with R-
effectiveness and R-efficiency as predictors was favoured in the stroke (Pseudo 
R2=22.3%), fracture (Pseudo R2=19.5%), joint replacement (Pseudo R2=33.8%), and 
others (Pseudo R2=19.3%) groups, whereas LL amputation (Pseudo R2=29.5%) and 
falls (Pseudo R2=34.8%) favoured length of stay as predictors in the model. The 
lowest AIC and BIC scores produced consistent models (Table 11).  
 
Sensitivity analysis was performed assuming all patients who were discharged to 
acute hospitals were finally discharged home. The odds ratios of social factors, such 
as caregiver availability and marital status, had a slight reduction in magnitude. 
Otherwise, results were very similar with our current analyses. 
  
Sensitivity analysis was also performed assuming that all patients who were 
discharged to acute hospitals were eventually discharged to nursing homes. The odds 
ratio of social factors, such as caregiver availability and marital status, had a reduction 
in magnitude but they remained statistically significant. However, REy was no longer 
statistically significant and peripheral vascular disease became risk conferring. Other 




The decision of discharge destination of post-rehabilitation patients is complex with 
the interplay of many variables. These often include age, clinical condition, functional 
status at admission as well as family support and financial factors. In our study, the 
odds of nursing home admission was increased in Chinese, males, single or widowed 
or separated/divorced, those who are highly subsidized for hospital care, dementia, 
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lower ADL scores on admission, lower R-effectiveness or R-efficiency measures on 
discharge, primary diagnosis groups such as LL amputation and falls compared to 
stroke and the absence of caregivers.  
 
Rehabilitation outcomes and activities of daily living 
Patients with poorer admission functional scores were more likely to be discharged to 
a nursing home, as they would be more reliant on caregivers for support in activities 
of daily living. This finding is well known as several other studies observed that 
patients who were dependent in three or more activities of daily living had higher 
odds of admission to nursing homes.[141, 143, 144, 151] However, little is known 
about whether a patient’s R-effectiveness and R-efficiency measures predict nursing 
home admission. Although a longer hospital length of stay is often a strong predictor 
of nursing home placement, there could be reverse causation as an increased length of 
stay was likely to be as a result of waiting for their nursing home placement. In 
addition, for most disease groups, R-effectiveness or R-efficiency were better 
predictors compared to a patient’s length of stay with higher R2 and/or lower AIC and 
BIC scores. Patients who had higher R-effectiveness or R-efficiency measures were 
less likely to be discharged to a nursing home, even after adjusting for functional 
status at admission: every 20 units increased in R-effectiveness or R-efficiency 
reduced the odds of nursing home admission by 18.2%.  
 
Primary diagnosis at admission 
As most studies on nursing home admissions were conducted for specific disease 
groups such as stroke, fracture and arthroplasty patients, it is uncertain which groups 
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were more likely to be admitted to a nursing home as the comparison of odds between 
different disease groups was not previously possible. For our model, we used stroke as 
a reference group as it was the most prevalent condition in our study. In our overall 
model, we found that patients admitted to community hospitals with a primary 
diagnosis of LL amputation or falls had odds of nursing home placement of 2.75 
(95%CI: 1.59-4.77) and 1.65 (95%: 1.02-2.67) compared to stroke patients 
respectively. Sensitivity analysis was performed by further stratifying the primary 
diagnosis into their subcategories (i.e. stroke: infarct, haemorrhage or both, fracture: 
femoral or vertebral, amputation: below or above knee). Compared to patients with 
cerebral infarction as the reference group, the odds ratios of femoral and vertebral 
fractures were not statistically different, however below and above knee amputations 
had increased odds of nursing home admission by 191% and 378% respectively. Falls 
and other diseases had statistically higher odds of nursing home admission by 67% 
and 45% respectively when compared to patients admitted due to cerebral infarction.  
 
Caregiver availability and marital status 
Previous studies have consistently shown that social support factors such as older 
married adults with more living children had lower odds of nursing home admission, 
whereas those who lived alone had twice the odds of nursing home admission.[141, 
152-154]. Married elderly have approximately half the risk of nursing home 
admission as unmarried people (e.g., widowed, never married, divorced, and 
separated).[134, 135] The probability of institutionalisation increases with age.[136] 
A population-based survey of 1,079 elderly aged ≥60 in Singapore on the prevalence 
of late-life functional disability found that the overall prevalence of functional 
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disability increased with age and was particularly more dramatic for those aged 
≥80.[137, 138] 
 
In our study, one of the strongest factors for nursing home placement was caregiver 
unavailability (OR=4.39). Even after adjusting for caregiver unavailability, single and 
separated/divorced persons had an odds of nursing home placement of 4.14 (95%CI: 
3.13-5.49) and 3.46 (95%CI: 2.32-5.16) respectively when compared to married 
persons. With the projected population ageing and the changing family structure 
having more singles, divorces and smaller family size,[155] the demand for nursing 
home admission  is expected to rise dramatically in Singapore. As such, in a recent 
budget speech by the Ministerial Committee on Ageing in Singapore, a plan was 
announced to increase the number of nursing home beds by 70% from 9,000 in 2012 
to 15,600 by 2020.[156] 
 
Cognitive function 
In a US study, cognitive impairment was found to be a strong predictor of nursing 
home placements with as many as 90% of dementia patients institutionalized before 
death.[157] Systematic reviews have also shown that having both dementia and 
cognitive impairment predisposes patients for institutionalization in the elderly.[141, 
153] A recent meta-analysis predicting nursing home admission in the US [141] 
reported that patients who had cognitive impairment had a significantly higher 
likelihood of nursing home admission (OR = 2.54). Van Baalan et al also showed that 
patients with poorer cognitive status at time of discharge had a higher likelihood of 
being admitted to an institution.[158] In our study, dementia was a significant 
predictor for nursing home admission in the overall population (OR=1.85, 95%CI: 
 | P a g e  
 
92 
1.52-2.25) with the highest odds found in patients admitted for fracture (OR=2.25, 
95%CI: 1.59-3.17), followed by other diseases (OR=1.79, 95%CI: 1.22-2.62) and 
stroke (OR=1.76, 95%CI: 1.25-2.48).  
 
Minority ethnic group 
Patients of the minority ethnic groups (Malays and Indians) were more likely to be 
discharged home compared to the Chinese majority, even after adjusting for caregiver 
availability and other confounders. This may be due to residual confounding of a 
larger family size that was not fully adjusted for in the caregiver variables. Malays 
and Indians tend to have more children[155], live with their extended families and 
may have “stronger family ties” which make them more reluctant and less likely to 
send family members to nursing homes. Family support networks may be stronger and 
better established in the minority ethnic groups, which could explain their increase in 
the likelihood of being discharged home, compared to the Chinese. Our findings are 
similar to a US study by Graham et al [159] that found that ethnic minority groups 
had a relative advantage compared to non-Hispanic whites as they were more likely to 
be discharged home. Bhandari et al [160] reported a 70% higher odds of home 
discharge for non-Hispanic black patients compared to non-Hispanic white patients. 
This could be due to the possibility that family and social support networks are better 
established in these groups compared to non-Hispanic whites [161, 162] and minority 
groups such as Blacks and Hispanics tended to view nursing homes negatively which 
could also explain the lower nursing home uptakes.[163] Non-Hispanic whites were 
also more likely to be living alone and responsible for providing their own care, 
whereas Hispanics were more likely to have care provided by family members or 
other unpaid persons.[164] 
 




Patients admitted to high subsidy wards had increased odds of being discharged to 
nursing homes. Although after adjusting for confounders such as caregiver availability 
where those in high subsidy wards could afford a maid, the subsidy factor remained 
significant. Our findings are similar to a previous study by Foley et al. which showed 
that lower income was a predictor of nursing home admission.[144] In addition, elders 
from higher income families with the ability to afford paid help or home-care services 
could avoid nursing home admission but for less privileged elders, it might be more 
affordable in the long-run to send them to a subsidised nursing home than to use 
community-based services.[138]   
 
Strength and limitations 
The strengths of this study are the multiple comparisons across different diagnostic 
groups and exploring R-effectiveness and R-efficiency as predictors of nursing home 
placement. A limitation is the loss of power of the study upon stratification and 
comparison between different diagnostic groups. In addition, subjects who were 
admitted to nursing homes after acute hospital discharge were not considered in our 
study as follow-up of discharged patients was not done by all community hospitals. 
Another limitation was the reduction in sample size as we dropped missing BI scores 
and extreme values in rehabilitation effectiveness, rehabilitation efficiency, length of 




Predictors of nursing home admission in Singapore were old age, males, Chinese, 
absence of caregiver, being single/widowed/separated or divorced (compared to 
 | P a g e  
 
94 
married), receiving high subsidies for hospital admission, having dementia, 
hemiplegia, lower admission BI scores (more dependent at admission), longer time to 
rehabilitation, and poorer R-effectiveness and R-efficiency. Upon further adjustment 
for primary diagnosis at admission, patients admitted due to LL amputation or falls 
had significantly higher odds of being discharged to a nursing home compared to 
stroke patients, whereas patients admitted due to LL arthroplasty had the lowest odds. 
With populations around the world ageing rapidly, it is expected that there will be a 
huge increase in demand for nursing homes. Social factors remained the most 
important predictor of nursing home placement with the highest odds ratio observed 
in caregiver availability and marital status and social factors accounts for about 50% 
of the explained variation in nursing home placement. This is followed by 
rehabilitation outcomes as better rehabilitation effectiveness and efficiency were 
associated with decreased odds of nursing home admission. In addition, care planning 
as well as improving community support can be strengthened to mitigate the demand 
for nursing homes.  
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Table 7. Descriptive table by primary diagnosis at admission to Singapore community hospitals from 1996 to 2005.  
















































     
 
 
     Male 3402 (40) 409 (44) 1746 (49) 170 (50) 680 (25) 80 (30) 90 (53) 11 (46) 45 (15) 3 (25) 56 (40) 13 (41) 785 (46) 132 (55) 
     Female 5192 (60) 515(56)* 1814 (51) 173 (50) 2031 (75) 191 (70) 79 (47) 13 (54) 246 (85) 9 (75) 83 (60) 19 (59) 939 (54) 110(45)* 





      
 
     Chinese  7544 (88) 868 (94) 3041 (85) 326 (95) 2472 (91) 254 (94) 144 (85) 23 (96) 262 (90) 10 (83) 124 (89) 31 (97) 1501 (87) 224 (93) 
     Malay 598 (7) 27 (3) 328 (9) 8 (2) 127 (5) 10 (4) 13 (8) 0 (0) 9 (3) 1 (8) 9 (6) 1 (3) 112 (7) 7 (3) 
     Indian 352 (4) 18 (2) 157 (4) 7 (2) 82 (3) 4 (1) 11 (7) 1 (4) 10 (3) 0 (0) 3 (2) 0 (0) 89 (5) 6 (2) 
     Others 100 (1) 11 (1)* 34 (1) 2 (1)* 30 (1) 3 (1)  1 (1) 0 (0) 10 (3) 1 (8) 3 (2) 0 (0) 22 (1) 5 (2)* 
Community hospital, n (%)                     A 4775 (56) 493 (53) 1907 (54) 186 (54) 1467 (54) 143 (53) 104 (62) 14 (58) 207 (71) 10 (83) 68 (49) 15 (47) 1022 (59) 125 (52) 
     B 1794 (21) 248 (27) 853 (24) 94 (27) 466 (17) 52 (19) 45 (27) 8 (33) 46 (16) 2 (17) 46 (33) 16 (50) 338 (20) 76 (31) 
     C 1795 (21) 125 (14) 773 (22) 44 (13) 643 (24) 51 (19) 18 (11) 2 (8) 38 (13) 0 (0) 15 (11) 0 (0) 308 (18) 28 (12) 
     D 230 (3) 58 (6)* 27 (1) 19 (6)* 135 (5) 25 (9)* 2 (1) 0 (0) 0 (0) 0 (0) 10 (7) 1 (3) 56 (3) 13 (5)* 





      
 
     Married 3782 (44) 220 (24) 1949 (55) 104 (30) 876 (32) 45 (17) 89 (53) 10 (42) 110 (38) 2 (17) 51 (37) 4 (13) 707 (41) 55 (23) 
     Single 562 (7) 193 (21) 129 (4) 62 (18) 202 (7) 45 (17) 10 (6) 3 (13) 25 (9) 2 (17) 17 (12) 8 (25) 179 (10) 73 (30) 
     Widowed 4027 (47) 466 (50) 1386 (39) 155 (45) 1570 (58) 173 (64) 61 (36) 10 (42) 147 (51) 8 (67) 68 (49) 20 (63) 795 (46) 100 (41) 
     Separated / Divorced 223 (3) 45 (5) *  96 (3) 22 (6) * 63 (2) 8 (3) * 9 (5) 1 (4) 9 (3) 0 (0) 3 (2) 0 (0)* 43 (2) 14 (6)* 





      
 
     No 583 (7) 258 (28) 134 (4) 80 (23) 200 (7) 70 (26) 12 (7) 4 (17) 41 (14) 6 (50) 16 (12) 13 (41) 180 (10) 85 (35) 
     Yes 8011 (93) 666(72)* 3426 (96) 263(77)* 2511 (93) 201(74)* 157 (93) 20 (83) 250 (86) 6 (50)* 123 (88) 19 (59)* 1544 (90) 157(65)* 
Religion, n (%)                    No 845 (10) 152 (16) 348 (10) 51 (15) 265 (10) 42 (16) 14 (8) 5 (21) 23 (8) 1 (8) 16 (12) 7 (22) 179 (10) 46 (19) 
     Yes 7749 (90) 772(84)* 3212 (90) 292(85)* 2446 (90) 229(85)* 155 (92) 19 (79)† 268 (92) 11 (92) 123 (88) 25 (78) 1545 (90) 196(81)* 





      
 
     Low or no subsidy  4068 (47) 204 (22) 1955 (55) 96 (28) 1165 (43) 50 (18) 74 (44) 9 (38) 151 (52) 3 (25) 37 (27) 3 (9) 686 (40) 43 (18) 
     High subsidy (C) 4526 (53) 720(78)* 1605 (45) 247(72)* 1546 (57) 221(82)* 95 (56) 15 (63) 140 (48) 9 (75) † 102 (73) 29 (91) * 1038 (60) 199(82)* 
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Charlson comorbidy (CCMI), n (%) 
     0 1730 (20) 155 (17) 20 (1) 1 (0) 1139 (42) 96 (35) 3 (2) 0 (0) 156 (54) 6 (50) 30 (22) 7 (22) 382 (22) 45 (19) 
     1-3 3961 (46) 458 (50) 1476 (41) 148 (43) 1281 (47) 148 (55) 112 (66) 11 (46) 123 (42) 5 (42) 65 (47) 18 (56) 904 (52) 128 (53) 
     4-6 2594 (30) 281 (30) 1906 (54) 177 (52) 248 (9) 25 (9) 49 (29) 11 (46) 10 (3) 1 (8) 37 (27) 5 (16) 344 (20) 62 (26) 
     ≥7 309 (4) 30 (3) † 158 (4) 17 (5) 43 (2) 2 (1)† 5 (3) 2 (8) 2 (1) 0 (0) 7 (5) 2 (6) 94 (5) 7 (3) † 
Chronic pulmonary disease, n (%)                   No 8260 (96) 870 (94) 3453 (97) 324 (94) 2607 (96) 260 (96) 164 (97) 24 (100) 287 (99) 12 (100) 132 (95) 30 (94) 1617 (94) 220 (91) 
     Yes 334 (4) 54 (6) * 107 (3) 19 (6) * 104 (4) 11 (4) 5 (3) 0 (0) 4 (1) 0 (0) 7 (5) 2 (6) 107 (6) 22 (9) † 
Dementia, n (%)                   No 7773 (90) 712 (77) 3252 (91) 279 (81) 2459 (91) 198 (73) 164 (97) 20 (83) 284 (98) 11 (92) 100 (72) 22 (69) 1514 (88) 182 (75) 
     Yes 821 (10) 212(23)* 308 (9) 64 (19)* 252 (9) 73 (27)* 5 (3) 4 (17)* 7 (2) 1 (8) 39 (28) 10 (31) 210 (12) 60 (25)* 
Peripheral vascular disease, n (%)                   No 8106 (94) 875 (95) 3419 (96) 331 (97) 2603 (96) 266 (98) 76 (45) 10 (42) 281 (97) 12 (100) 128 (92) 30 (94) 1599 (93) 226 (93) 
     Yes 488 (6) 49 (5) 141 (4) 12 (4) 108 (4) 5 (2)† 93 (55) 14 (58) 10 (3) 0 (0) 11 (8) 2 (6) 125 (7) 16 (7) 
Renal Disease, n (%)                   No 8204 (95) 881 (95) 3444 (97) 332 (97) 2622 (97) 264 (97) 154 (91) 23 (96) 282 (97) 11 (92) 135 (97) 28 (88) 1567 (91) 223 (92) 
     Yes 390 (5) 43 (5) 116 (3) 11 (3) 89 (3) 7 (3) 15 (9) 1 (4) 9 (3) 1 (8) 4 (3) 4 (13)* 157 (9) 19 (8) 
Hemiplegia, n (%)                   No 4588 (53) 486 (53) 238 (7) 23 (7) 2418 (89) 230 (85) 155 (92) 12 (50) 279 (96) 10 (83) 101 (73) 22 (69) 1397 (81) 189 (78) 
     Yes 4006 (47) 438 (47) 3322 (93) 320 (93) 293 (11) 41 (15)* 14 (8) 12 (50)* 12 (4) 2 (17)* 38 (27) 10 (31) 327 (19) 53 (22)* 
Diabetes, n (%)                   No 5362 (62) 654 (71) 2005 (56) 231 (67) 1924 (71) 218 (80) 17 (10) 3 (13) 226 (78) 11 (92) 95 (68) 25 (78) 1095 (64) 166 (69) 
     Yes 3232 (38) 270(29)* 1555 (44) 112(33)* 787 (29) 53 (20)* 152 (90) 21 (88) 65 (22) 1 (8) 44 (32) 7 (22) 629 (36) 76 (31) 
Hypertension, n (%)                   No 2952 (34) 365 (40) 746 (21) 86 (25) 1298 (48) 135 (50) 70 (41) 10 (42) 106 (36) 6 (50) 48 (35) 16 (50) 684 (40) 112 (46) 
     Yes 5642 (66) 559 (61)* 2814 (79) 257 (75)† 1413 (52) 136 (50) 99 (59) 14 (58) 185 (64) 6 (50) 91 (65) 16 (50) 1040 (60) 130 (54)† 
Hyperlipidemia, n (%)                   No 6000 (70) 695 (75) 1919 (54) 203 (59) 2282 (84) 238 (88) 119 (70) 17 (71) 228 (78) 11 (92) 114 (82) 27 (84) 1338(78) 199 (82) 
     Yes 2594 (30) 229 (25)* 1641 (46) 140 (41)† 429 (16) 33 (12) 50 (30) 7 (29) 63 (22) 1 (8) 25 (18) 5 (16) 386 (22) 43 (18) 
Age, mean (SD)  73 (11) 77 (10) * 71 (10) 74 (10) * 76 (12) 81 (9) * 67 (11) 69 (9) 71 (10) 76 (8) 79 (10) 80 (8) 74 (12) 77 (11) * 
Admission BI, mean (SD) 48 (25) 40 (24) * 41 (26) 32 (23) * 51 (23) 40 (21) * 57 (20) 40 (23) * 68 (18) 60 (16) 53 (21) 52 (24) 53 (25) 47 (24) * 
Discharge BI, mean (SD) 64 (28) 53 (27) * 56 (30) 44 (28) * 68 (25) 55 (25) * 69 (23) 54 (28) * 82 (17) 67 (19) * 69 (22) 64 (23) 68 (26) 60 (26) * 
Time to rehab, median (IQR) 15 (10-22) 19(13-26)* 13 (9-20) 18 (12-29) * 16 (12-22) 19 (13-24)* 20 (14-29) 24(16-31) 12(9-18) 16 (12-27) † 13 (9-19) 15 (12-22)* 18 (12-26) 20 (13-30)* 
Length of stay, median (IQR) 33 (23-46) 40(29-55)* 36 (25-49) 44 (32-57) * 33 (24-46) 37(29-53)* 46 (33-60) 47 (25-60) 24 (18-35) 33 (24-48) † 32 (25-44) 45 (33-61)* 30(20-40) 36(26-50)* 
R-effectiveness, median(IQR) 33 (10-57) 22 (4-42) * 26 (5-51) 15 (1-35) * 38 (15-62) 25 (8-47) * 27 (8-50) 25 (4-53) 48 (28-73) 14 (0-40) * 33 (14-58) 21 (4-39) * 36 (12-61) 26 (7-46) * 
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R-efficiency, median (IQR) 14 (5-25) 10 (2-19)* 13 (3-24) 8 (0-17) * 16 (7-25) 12 (4-21) * 8 (3-15) 10 (4-18) 18 (11-28) 4(0-13) * 15(6-28) 6 (1-18) * 16 (6-27) 10 (4-21) * 
AIDS, n(%)               
No 8589(100) 923(100) 3557(100) 342(100) 2711(100) 271(100) 169(100) 24 (100) 291 (100) 12 (100) 139 (100) 32 (100) 1722 (100) 242(100) 
Yes 5 (0) 1 (0) 3 (0) 1 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (0) 0 (0) 
Cerebrovascular disease, n (%)              No 4331 (50) 464 (50) 112 (3) 14 (4) 2347 (87) 223 (82) 153 (91) 13 (54) 277 (95) 10 (83) 93 (67) 22 (69) 1349 (78) 182 (75) 
Yes 4263 (50) 460 (50) 3448 (97) 329 (96) 364 (13) 48 (18) † 16 (9) 11 (46)* 14 (5) 2 (17) 46 (33) 10 (31) 375 (22) 60 (25) 
Congestive heart failure, n (%)              No 8137 (95) 869 (94) 3427 (96) 326 (95) 2588 (95) 259 (96) 151 (89) 22 (92) 280 (96) 11 (92) 128 (92) 29 (91) 1563 (91) 222 (92) 
Yes 457 (5) 55 (6) 133 (4) 17 (5) 123 (5) 12 (4) 18 (11) 2 (8) 11 (4) 1 (8) 11 (8) 3 (9) 161 (9) 20 (8) 
Connective tissue disease, n (%)              No 8454 (98) 906 (98) 3534 (99) 337 (98) 2668 (98) 265 (98) 169(100) 24 (100) 278 (96) 12 (100) 135 (97) 30 (94) 1670 (97) 238 (98) 
Yes 140 (2) 18 (2) 26 (1) 6 (2) * 43 (2) 6 (2) 0 (0) 0 (0) 13 (4) 0 (0) 4 (3) 2 (6) 54 (3) 4 (2) 
Leukemia, n (%)              No 8566 (100) 921(100) 3550(100) 342(100) 2702(100) 271(100) 168 (99) 24 (100) 291 (100) 12 (100) 137 (99) 32 (100) 1718(100) 240 (99) 
Yes 28 (0) 3 (0) 10 (0) 1 (0) 9 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 2 (1) 0 (0) 6 (0) 2 (1) 





      
 
No 8566 (100) 920(100) 3551(100) 342(100) 2703(100) 271(100) 168 (99) 24 (100) 291 (100) 12 (100) 137 (99) 31 (97) 1716(100) 240 (99) 
Yes 28 (0) 4 (0) 9 (0) 1 (0) 8 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 2 (1) 1 (3) 8 (0) 2 (1) 





      
 
No 8331 (97) 904 (98) 3452 (97) 337 (98) 2656 (98) 268 (99) 157 (93) 22 (92) 289 (99) 12 (100) 136 (98) 32 (100) 1641 (95) 233 (96) 
Yes 263 (3) 20 (2) 108 (3) 6 (2) 55 (2) 3 (1) 12 (7) 2 (8) 2 (1) 0 (0) 3 (2) 0 (0) 83 (5) 9 (4) 
Ulcer disease, n (%)              
No 7582 (88) 805 (87) 3175 (89) 309 (90) 2446 (90) 246 (91) 150 (89) 22 (92) 258 (89) 9 (75) 116 (83) 27 (84) 1437 (83) 192 (79) 
Yes 1012 (12) 119 (13) 385 (11) 34 (10) 265 (10) 25 (9) 19 (11) 2 (8) 33 (11) 3 (25) 23 (17) 5 (16) 287 (17) 50 (21) 





      
 
No 8520 (99) 916 (99) 3539 (99) 339 (99) 2698(100) 270(100) 167 (99) 24 (100) 291 (100) 12 (100) 136 (98) 32 (100) 1689 (98) 239 (99) 
Yes 74 (1) 8 (1) 21 (1) 4 (1) 13 (0) 1 (0) 2 (1) 0 (0) 0 (0) 0 (0) 3 (2) 0 (0) 35 (2) 3 (1) 
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No 8045 (94) 869 (94) 3446 (97) 329 (96) 2567 (95) 259 (96) 160 (95) 23 (96) 280 (96) 12 (100) 132 (95) 30 (94) 1460 (85) 216 (89) 
Yes 549 (6) 55 (6) 114 (3) 14 (4) 144 (5) 12 (4) 9 (5) 1 (4) 11 (4) 0 (0) 7 (5) 2 (6) 264 (15) 26 (11)† 




      
 
No 6510 (76) 718 (78) 2684 (75) 265 (77) 2156 (80) 225 (83) 111 (66) 13 (54) 238 (82) 8 (67) 98 (71) 23 (72) 1223 (71) 184 (76) 
Yes 2084 (24) 206 (22) 876 (25) 78 (23) 555 (20) 46 (17) 58 (34) 11 (46) 53 (18) 4 (33) 41 (30) 9 (28) 501 (29) 58 (24) 
* P<0.05;  †0.05<P<0.10.  
†not included in CCMI calculation  
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Primary diagnosis at admission    
n.a. 
Stroke 1.00 (ref) 
Fracture 1.02 (0.86-1.21) 
Amputation 1.42 (0.91-2.21) 
LL Arthroplasty 0.43 (0.24-0.78)* 
Falls 2.12 (1.41-3.17)* 
Others 1.42 (1.19-1.70)* 







Male 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Female 0.84 (0.73-0.96)* 0.99 (0.79-1.24) 0.82 (0.62-1.08) 1.3 (0.55-3.08) 0.58 (0.15-2.27) 0.89 (0.40-2.00) 0.71 (0.54-0.93)* 
Ethnicity          
Chinese  1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Malay 0.39 (0.26-0.58)* 0.22 (0.11-0.46)* 0.77 (0.40-1.49) nc 3.95 (0.42-36.88) 0.46 (0.05-3.9) 0.40 (0.18-0.87)* 
Indian 0.44 (0.27-0.71)* 0.43 (0.20-0.92)* 0.47 (0.17-1.28) 0.64 (0.08-5.25) nc nc 0.46 (0.20-1.06)† 
Others 0.99 (0.53-1.86) 0.53 (0.12-2.28) 0.96 (0.29-3.20) nc 3.02 (0.31-29.06) nc 1.80 (0.67-4.85) 
Marital status         
Married 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Single 5.58 (4.50-6.91)* 8.38 (5.81-12.10)* 4.14 (2.66-6.45)* 2.72 (0.63-11.64) 4.45 (0.57-34.74) 7.61 (1.89-30.66)* 5.02 (3.40-7.43)* 
Widowed 2.00 (1.69-2.36)* 2.1 (1.62-2.72)* 2.19 (1.56-3.08)* 1.49 (0.58-3.84) 2.34 (0.48-11.55) 3.88 (1.22-12.31)* 1.60 (1.13-2.26)* 
Separated / Divorced 3.39 (2.39-4.81)* 3.97 (2.37-6.66)* 2.52 (1.14-5.58)* 1.06 (0.12-9.54) nc nc 3.93 (2.01-7.68)* 
Caregiver          Yes 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
No 5.13 (4.33-6.07)* 7.27 (5.33-9.93)* 4.37 (3.20-5.97)* 2.53 (0.74-8.74) 4.60 (1.37-15.38)* 6.77 (2.56-17.94)* 4.51 (3.31-6.15)* 
Religion         
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 0.58 (0.48-0.70)* 0.63 (0.46-0.88)* 0.62 (0.43-0.88)* 0.36 (0.12-1.14)† 1.10 (0.13-9.17) 0.51 (0.18-1.43) 0.53 (0.37-0.76)* 
Government Subsidy        
Low or no subsidy  1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
High subsidy (C) 3.46 (2.88-4.15)* 3.26 (2.44-4.36)* 3.96 (2.79-5.62)* 1.19 (0.41-3.41) 3.70 (0.94-14.53)† 2.08 (0.53-8.14) 3.23 (2.20-4.75)* 
       




















Charlson comorbidity (CCMI)  
0 1.00 (ref) 1.00 (ref) 1.00 (ref) empty 1.00 (ref) 1.00 (ref) 1.00 (ref) 
1-3 1.3 (1.07-1.57)* 2.62 (0.33-20.48) 1.37 (1.04-1.79)* 0.27 (0.04-1.64) 1.00 (0.29-3.41) 1.26 (0.46-3.42) 1.17 (0.82-1.69) 
4-6 1.21 (0.98-1.48)† 2.36 (0.3-18.40) 1.19 (0.75-1.90) 0.61 (0.1-3.74) 1.72 (0.18-16.85) 0.56 (0.16-2.01) 1.42 (0.93-2.15) 
>7 1.00 (0.67-1.52) 2.54 (0.31-21.01) 0.53 (0.13-2.23) 1.00 (ref) nc 0.83 (0.13-5.14) 0.55 (0.24-1.26) 
Chronic pulmonary disease        
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 1.44 (1.07-1.94)* 1.87 (1.13-3.10)* 1.04 (0.55-1.97) nc nc 1.35 (0.26-7.15) 1.35 (0.83-2.20) 
AIDS         
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 1.46 (0.17-12.54) 3.26 (0.33-31.69) nc nc nc nc nc 
Congestive heart failure        No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 1.11 (0.83-1.49) 1.19 (0.7-2.03) 0.98 (0.53-1.81) 0.73 (0.16-3.39) 1.4 (0.15-12.79) 1.36 (0.34-5.43) 0.86 (0.53-1.4) 
Cerebrovascular disease        
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 1.03 (0.9-1.19) 0.79 (0.45-1.41) 1.41 (1.01-1.97)* 8.29 (3.11-22.09)* 4.45 (0.82-24.22) † 1.06 (0.46-2.49) 1.12 (0.82-1.54) 
Connective tissue disease        
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 1.15 (0.7-1.89) 1.88 (0.75-4.74) 1.4 (0.59-3.33) nc nc 2.02 (0.34-11.93) 0.52 (0.19-1.46) 
Dementia        
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 2.73 (2.30-3.24)* 2.29 (1.69-3.09)* 3.62 (2.67-4.90)* 6.25 (1.53-25.57)* 3.59 (0.37-35.22) 1.17 (0.49-2.78) 2.20 (1.58-3.07)* 
Hemiplegia        
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 1.04 (0.91-1.2) 1.03 (0.63-1.68) 1.48 (1.04-2.12)* 11.5 (4.22-31.3)* 4.45 (0.82-24.22) † 1.05 (0.45-2.48) 1.09 (0.78-1.52) 
Leukemia        
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 0.8 (0.24-2.65) 0.86 (0.11-6.81) nc nc nc nc 1.8 (0.35-9.18) 
Lymphoma        
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 1.02 (0.35-2.93) 0.92 (0.12-7.38) nc nc nc 1.45 (0.12-17.26) 1.32 (0.27-6.37) 



















Myocardial infarct        
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 0.68 (0.43-1.08) 0.55 (0.24-1.26) 0.55 (0.17-1.76) 1.11 (0.23-5.36) nc nc 0.73 (0.36-1.49) 
Peripheral vascular disease        
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 0.91 (0.67-1.23) 0.85 (0.46-1.55) 0.45 (0.18-1.11) † 1.09 (0.43-2.75) nc 0.71 (0.14-3.52) 0.9 (0.52-1.55) 
Ulcer disease        
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 1.07 (0.87-1.31) 0.89 (0.61-1.3) 0.92 (0.59-1.42) 0.68 (0.15-3.14) 2.57 (0.62-10.59) 0.76 (0.25-2.28) 1.25 (0.89-1.76) 
Diabetes        
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 0.68 (0.59-0.79)* 0.63 (0.5-0.8)* 0.59 (0.43-0.81)* 0.75 (0.20-2.82) 0.31 (0.04-2.49) 0.55 (0.22-1.41) 0.8 (0.60-1.08) 
Liver disease        No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 0.95 (0.45-1.98) 1.82 (0.62-5.35) 0.8 (0.1-6.14) nc nc nc 0.59 (0.18-1.93) 
Renal Disease        
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 0.99 (0.72-1.38) 0.89 (0.47-1.68) 0.75 (0.34-1.65) 0.45 (0.06-3.62) 4.63 (0.48-44.57) 7.25 (1.43-36.82)* 0.87 (0.53-1.44) 
Malignant tumor        
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 0.91 (0.69-1.22) 1.26 (0.71-2.23) 0.82 (0.45-1.5) 0.87 (0.1-7.43) nc 1.12 (0.21-6.02) 0.69 (0.45-1.06) † 
Hypertension         
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 0.80 (0.70-0.92)* 0.79 (0.61-1.03) † 0.92 (0.72-1.19) 0.91 (0.38-2.22) 0.69 (0.21-2.27) 0.51 (0.23-1.13) † 0.79 (0.6-1.05) 
Hyperlipidemia         
No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 0.73 (0.62-0.86)* 0.71 (0.56-0.89)* 0.7 (0.48-1.04) † 0.89 (0.33-2.4) 0.47 (0.06-3.85) 0.88 (0.3-2.64) 0.77 (0.54-1.1) 







No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
Yes 0.9 (0.76-1.06) 0.89 (0.68-1.16) 0.79 (0.57-1.1) 1.57 (0.64-3.83) 2.24 (0.63-7.96) 1 (0.42-2.4) 0.78 (0.57-1.06) 
Age  1.04 (1.03-1.04)* 1.03 (1.02-1.04)* 1.05 (1.04-1.07)* 1.02 (0.98-1.07) 1.05 (0.98-1.12) 1.03 (0.98-1.07) 1.03 (1.02-1.04)* 
Admission BI 0.98 (0.98-0.98)* 0.98 (0.98-0.99)* 0.97 (0.97-0.98)* 0.96 (0.94-0.98)* 0.97 (0.94-1.00) † 0.99 (0.98-1.01) 0.99 (0.98-0.99)* 



















Discharge BI 0.98 (0.98-0.98)* 0.98 (0.98-0.98)* 0.98 (0.97-0.98)* 0.97 (0.95-0.99)* 0.95 (0.92-0.98)* 0.99 (0.97-1.00) 0.99 (0.98-0.99)* 
Time to rehab 1.03 (1.02-1.03)* 1.03 (1.02-1.04)* 1.02 (1.01-1.03)* 1.02 (0.98-1.06) 1.06 (1.01-1.11)* 1.04 (1.00-1.08) † 1.01 (1.00-1.02)* 
Length of stay 1.02 (1.02-1.03)* 1.03 (1.02-1.03)* 1.02 (1.01-1.03)* 0.99 (0.96-1.01) 1.03 (0.99-1.07) 1.04 (1.02-1.07)* 1.02 (1.01-1.03)* 
R-effectiveness 0.98 (0.98-0.99)* 0.98 (0.98-0.99)* 0.98 (0.98-0.99)* 0.99 (0.98-1.01) 0.97 (0.94-0.99)* 0.98 (0.97-1.00)* 0.99 (0.98-0.99)* 
R-efficiency 0.97 (0.97-0.98)* 0.96 (0.96-0.97)* 0.98 (0.97-0.99)* 1.01 (0.97-1.05) 0.89 (0.82-0.96)* 0.96 (0.92-0.99)* 0.98 (0.97-0.99)* 
* P<0.05 (logistic regression adjusted for community hospital and year of admission); odds ratios reported. 
†0.05<P<0.10 (logistic regression adjusted for community hospital and year of admission); odds ratios reported. 
n.a: non-applicable, nc: non-calculable due to small sample size. 
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Primary diagnosis at 
admission   
 
n.a. 
     Stroke 1.00 (ref) 
     Fracture 1.19 (0.91-1.55) 
     Amputation 2.75 (1.59-4.77)* 
     LL Arthroplasty 0.85 (0.44-1.65) 
     Falls 1.65 (1.02-2.67)* 
     Others 1.42 (1.10-1.84)* 







     Male 1.00 (ref)  1.00 (ref)   1.00 (ref) 1.00 (ref)      Female 0.71 (0.59-0.84)*   0.62 (0.44-0.87)* 
 
 0.22 (0.07-0.76)* 0.65 (0.46-0.92)* 
Ethnicity               Chinese  1.00 (ref) 1.00 (ref)     1.00 (ref)      Malay 0.34 (0.22-0.52)* 0.21 (0.10-0.44)*   
 
   0.36 (0.16-0.84)* 
     Indian 0.46 (0.28-0.76)* 0.43 (0.19-0.99)*   
 
   0.52 (0.22-1.27) 
     Others 0.81 (0.40-1.65) 0.23 (0.04-1.3)†         1.58 (0.53-4.68) 
Marital status              Married 1.00 (ref) 1.00 (ref) 1.00 (ref)   1.00 (ref) 1.00 (ref)      Single 4.14 (3.13-5.49)* 6.31 (3.97-10.04)* 3.88 (2.22-6.76)* 
 
 0.95 (0.10-9.36) 4.08 (2.46-6.77)* 
     Widowed 1.60 (1.30-1.96)* 1.45 (1.08-1.93)* 1.63 (1.09-2.46)* 
 
 8.67 (1.97-38.2)* 1.39 (0.92-2.12) 
     Separated / 
Divorced 3.46 (2.32-5.16)* 3.68 (2.05-6.61)* 2.70 (1.09-6.70)*       5.2 (2.41-11.2)* 
Caregiver               Yes 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
     No 4.39 (3.51-5.48)* 5.25 (3.54-7.76)* 4.72 (3.17-7.01)* 7.26 (1.47-35.97)* 6.23 (1.48-26.16)* 26.6 (3.5-202.2)* 3.44 (2.27-5.21)* 
Government Subsidy             Low or no subsidy  1.00 (ref) 1.00 (ref) 1.00 (ref)    1.00 (ref)      High subsidy (C) 2.55 (2.09-3.12)* 2.29 (1.67-3.14)* 3.24 (2.22-4.75)* 
 
   2.42 (1.58-3.72)* 


























Chronic pulmonary  disease            No  1.00 (ref)           Yes  1.84 (1.03-3.28)*      
 
 
Dementia              No 1.00 (ref) 1.00 (ref) 1.00 (ref)    1.00 (ref)      Yes 1.85 (1.52-2.25)* 1.76 (1.25-2.48)* 2.25 (1.59-3.17)* 
 
    1.79 (1.22-2.62)* 
Hemiplegia        
     No 1.00 (ref)  1.00 (ref) 1.00 (ref)         Yes 1.38 (1.09-1.74)* 
 
1.49 (1-2.22)† 11.1 (3.44-35.8)*  
 
 
Peripheral vascular disease      
     No 1.00 (ref)  1.00 (ref)          Yes 0.72 (0.5-1.02)†   0.43 (0.17-1.11)†    
 
 
Renal Disease        
     No      1.00 (ref)       Yes           17.1 (1.7-170.4)*   





Admission BI 0.98 (0.98-0.98)* 0.98 (0.97-0.98)* 0.98 (0.97-0.99)* 0.95 (0.92-0.98)* 0.94 (0.90-0.98)* 0.98 (0.96-1.00)† 0.98 (0.98-0.99)* 












R-efficiency 0.99 (0.98-1.00)* 0.97 (0.96-0.98)* 
 
 0.86 (0.79-0.95)* 0.95 (0.91-0.99)* 
* P<0.05 (logistic regression adjusted for community hospital and year of admission). 
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Table 10. Percentage variation explained by predictors in the overall model. 
 Total population (n=9,518)  







Year of admission 0.01% 1.10% Community Hospital   1.10% 
Social  
variables 
Marital status   4.39% 
9.48% Caregiver   5.43% 
Government Subsidy  3.79% 
Rehabilitation 
variables 
Admission Barthel Index Score  1.60% 
6.10% Time to rehabilitation 1.30% Rehabilitation Effectiveness 1.80% 
Rehabilitation Efficiency 1.40% 
Confounders 
Age  1.71% 
4.05% Gender   0.12% Ethnicity   0.68% 
Religion  0.57% 
Medical variables 
Primary diagnosis at admission   0.79% 
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Goodness of fit  p-value 0.100 0.542 0.077 0.722 0.740 1.000 0.931 
Log-likelihood -2921.9 -1102.2 -878.8 -71.6 -42.4 -75.2 -707.5 
Pseudo-R2   0.037 0.051 0.032 0.009 0.131 0.050 0.035 
AIC 5855.7 2216.4 1769.6 153.1 92.9 160.5 1427.0 
BIC   5898.7 2254.0 1805.6 169.4 107.2 175.7 1460.5 







Goodness of fit  p-value 0.285 0.445 0.954 0.710 0.534 0.943 0.001 
Log-likelihood -2945.4 -1104.5 -893.3 -71.9 -40.4 -73.6 -711.2 
Pseudo-R2   0.029 0.049 0.017 0.005 0.174 0.070 0.030 
AIC 5902.7 2220.9 1798.5 153.7 88.7 157.3 1434.5 
BIC   5945.7 2258.5 1834.6 170.0 103.0 172.5 1468.0 









Goodness of fit  p-value 0.647 0.216 0.042 0.817 0.244 0.943 0.789 
Log-likelihood -2919.3 -1099.1 -878.6 -70.9 -40.3 -73.6 -706.7 
Pseudo-R2   0.037 0.054 0.033 0.018 0.176 0.070 0.036 
AIC 5852.6 2212.2 1771.3 153.8 90.5 159.3 1427.3 
BIC   5902.8 2256.0 1813.3 173.4 108.4 177.6 1466.4 
Best fit model (including either R-








Goodness of fit  p-value n.a 0.150 0.002 0.177 0.903 0.840 0.138 
Log-likelihood Best fit -903.1 -731.1 -52.5 -33.7 -52.0 -592.1 
Pseudo-R2   Model 0.223 0.195 0.273 0.309 0.303 0.193 
AIC Includes 1844.2 1496.2 119.0 79.5 127.0 1222.1 
BIC   Both  1963.4 1598.2 141.7 101.0 159.8 1328.2 
Best fit model (including both R-


























Goodness of fit  p-value 0.260 0.129 0.003 0.764 0.873 0.800 0.343 
Log-likelihood -2422.3 -902.1 -731.0 -52.3 -32.3 -54.7 -591.2 
Pseudo-R2   0.201 0.223 0.195 0.275 0.338 0.303 0.194 
AIC 4900.5 1844.2 1498.0 122.7 80.7 133.3 1222.5 
BIC   5101.0 1969.6 1606.0 151.9 109.3 169.7 1334.1 
Best fit model (LOS: substituting R-







Goodness of fit  p-value 0.067 0.949 0.074 0.232 0.481 0.719 0.427 
Log-likelihood -2442.3 -910.2 -737.0 -48.8 -39.4 -49.2 -595.0 
Pseudo-R2   0.195 0.216 0.189 0.295 0.161 0.348 0.188 
AIC 4938.7 1860.4 1508.1 111.7 88.9 122.4 1227.9 
BIC   5132.0 1985.8 1610.1 133.6 106.0 157.8 1334.0 
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CHAPTER FOUR: THE JOINT IMPACT OF COMORBIDITIES 






Objectives: The relationship between disability and comorbidity on mortality is widely 
perceived as additive in clinical models of frailty.  
 
Design: National data were retrospectively extracted from medical records of community 
hospital. 
 
Data Sources: There were of 12,804 acutely disabled patients admitted for inpatient 
rehabilitation in Singapore rehabilitation community hospitals from 1996 through 2005 were 
followed up for death till 31 December 2011.  
 
Outcome Measure: Cox proportional-hazards regression to assess the interaction of 
comorbidity and disability at discharge on all-cause mortality. 
 
Results: During a median follow-up of 10.9 years, there were 8,565 deaths (66.9%). The 
mean age was 73.0 (standard deviation: 11.5) years. Independent risk factors of mortality 
were higher comorbidity (p<0.001), severity of disability at discharge (p<0.001), being 
widowed (adjusted hazard ratio [aHR]: 1.38, 95% confidence interval [CI]:1.25-1.53), low 
socioeconomic status (aHR:1.40, 95%CI:1.29-1.53), discharge to nursing home (aHR:1.14, 
95%CI:1.05-1.22) and re-admission into acute care (aHR:1.54, 95%CI:1.45-1.65). In the main 
effects model, those with high comorbidity had an aHR=2.41 (95%CI:2.13-2.72) whereas 
those with total disability had an aHR=2.28 (95%CI:2.12-2.46). In the interaction model, 
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synergistic interaction existed between comorbidity and disability (p<0.001) where those with 
high comorbidity and total disability had much higher aHR=6.57 (95%CI:5.15-8.37). 
 
Conclusions: Patients with greater comorbidity and disability at discharge, discharge to 
nursing home or re-admission into acute care, lower socioeconomic status and being widowed 
had higher mortality risk. Our results identified predictive variables of mortality that map well 
onto the frailty cascade model. Increasing comorbidity and disability interacted 
synergistically to increase mortality risk. 
 
  






Frailty is an important clinical syndrome that increases an individual’s vulnerability to 
adverse health outcomes and mortality.[165-167] The classic frailty cascade model describes 
how age-related physiological deterioration, stressful events, functional decline, recovery, 
disability, hospitalization, and institutionalization ultimately contribute to premature death in 
older individuals.[168] Older patients admitted for acute illness may have multiple chronic 
conditions,[169] experience disability,[170] and become institutionalized following discharge 
from the acute care setting.[171] Development of physical frailty in older individuals is 
greatly impacted by age-related physiological deterioration and a wide range of diseases and 
medical conditions.[172, 173] Comorbidity is the concurrent presence of two or more 
medically diagnosed diseases,[167] and is commonly experienced by older individuals.[172-
175] Comorbidity has also been shown to increase the risk of premature death in a variety of 
patients such as breast cancer,[176] essential hypertension or diabetes[177] and spinal cord 
injury.[178] Disability can be characterized as dependency in performing activities of daily 
living[167] and are common in older individuals. Elderly patients are particularly vulnerable 
to disability and functional decline after acute hospitalizations due to enforced immobilization 
and deconditioning.[167, 169, 179] Development of disabilities in older patients results in not 
only substantial costs, but also increased long term morbidity and mortality.[180-182] For 
example, hip fracture may reduce life expectancy by as much as 25%.[180]  
 
Some authors have perceived comorbidity as an etiologic risk factor and disability as an 
outcome of frailty.[183, 184] Other models of frailty such as the frailty cascade,[168] Frailty 
Index (FI)[185, 186] and Frailty Scale (FS)[187, 188] include both disability and comorbidity 
as risk factors of premature mortality  outcome.[189, 190] Although relationship between 
frailty and mortality has been shown previously,[191, 192] the relative and combined impact 
of specific aspects of frailty (e.g. comorbidity and disability) remain unclear. The specific 
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aims of this study were to identify predictors of mortality and to describe the combined effect 





The study population was a historical national cohort taken from a database of all patients 
admitted to all community hospitals in Singapore between 1996 and 2005. Community 
hospitals are rehabilitation hospitals that cater to patients who are fit for discharge from acute 
hospitals but require inpatient convalescent or subacute rehabilitative care before returning to 
a final domiciliary site.[149] We excluded patients who died during their hospital stay in the 
community hospital (n=24). Inclusion criteria for this study were: 
   1. First admission to community hospitals for inpatient rehabilitation from acute disability 
(e.g. stroke and hip fractures); and 
   2. Disability assessed at discharge. 
 
The study was approved by the National University of Singapore Institutional Review Board 
(NUS-IRB) and ethics committees of Ang Mo Kio Thye Hua Kwan Hospital, Bright Vision 
Hospital, St Andrew’s Community Hospital and St Luke’s Hospital. Written informed 
consent of the patient was waived by approving NUS-IRB. The corresponding author and all 
research nurses have taken the oath of confidentiality under Singapore’s Official Secrets Act 
and only the minimum number of research personnel had access to the de-identified dataset. 
 
Data Extraction 
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Trained research nurses performed data extraction from non-computerized medical records 
between November 2005 and August 2008. Multiple iterations of data cleaning and 
verification were performed. An independent physician analyzed a 10% random sample of 
patients for data extraction accuracy and the error rate was 0.07%.  
Covariates 
A number of covariates were controlled to elicit the specific effects of comorbidity and 
disability including socio-demographic variables such as age group (18-64, >65 years), 
gender (female, male), ethnicity (Chinese, Malay, Indian, others), marital status (single, 
married, widowed, separated or divorced), caregiver availability (no, yes) and length of 
hospital stay. Hospitalization subsidy level served as a proxy measure for socioeconomic 
status (SES). In Singapore, 81% of public hospitals' beds (B2 and C class) are highly 
subsidized.[149] B2+ and B1 class lower subsidy and A class have no subsidy.  For this 
study, SES was classified into three groups: high SES (A, B1 and B2+ class), moderate SES 
(B2 class) and low SES (C class). Discharge destinations of patients were home (n=9,774), 
acute hospital (n=1,583), nursing home (n=1,251) and others (n=196). As the numbers who 
were discharged to other destinations were low, they were excluded from multivariate models.  
 
Exposures of interest 
 
Comorbidity 
Comorbidity was measured using the Charlson comorbidity index (CCI).[176] Comorbidity 
data was manually extracted by trained nurses by reviewing the patients’ medical problem list 
and complete medical records. The CCI measures the burden of medical illnesses and 
comprises of 19 different categories. The overall CCI score is a summation of weighted 
scores. A higher score reflects greater cumulative disease burden. We categorized index 
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scores into four groups: no comorbidity (0), low comorbidity (1-3), moderate comorbidity (4-
6) and high comorbidity (7-16). The Charlson comorbidity score also has been shown to have 
a high inter-rater reliability of a kappa score of 0.93.[193]   
 
Disability at discharge  
As recommended by the Singapore Ministry of Health guidelines, disability was assessed in 
both community hospitals at admission and discharge[149] using the Shah modified Barthel 
Index (BI). This is usually done by qualified physiotherapists and/or occupational therapists 
in all community hospitals. The BI is a reliable and widely-used assessment for functional 
status[76] and disability.[90, 194] It comprises of 10 items measuring distinct activities of 
daily living (ADL). The BI utilizes a five-point scale for each ADL and has a maximum score 
of 100.[75] BI scores are categorized by the severity of disability: 0-24 (total disability), 25-
49 (severe disability), 50-74 (moderate disability), 75-90 (mild disability), 91-99 (minimal 
disability) and 100 (no disability).[75] For this study, the last three categories were collapsed 
into one category (75-100) and termed “no or mild disability” because of small sample sizes. 
The reliability of the BI has been demonstrated in numerous studies and test-retest, intra-rater 
and inter-rater reliability have been shown to be high by correlation methods (r = 0.87, 0.71-
0.99 and 0.75-0.99 respectively).[72, 195] We chose to use discharge BI score of patients 
admitted for rehabilitation because this represented the best functional status after 
optimization with therapy 
 
Determination of Endpoint 
The primary endpoint was mortality. Time-to-event was calculated from the time of discharge 
disability assessment to the time of death. Subjects who remained alive at study closure were 
censored at 31 December 2011. Survival status was obtained from national death databases.  





For bivariate analyses, Chi-square tests were performed for categorical variables, log rank test 
for survival time, Kruskal-Wallis tests for length of stay.  
 
Kaplan–Meier overall survival curves were compared for exposures of interest, namely 
comorbidity and disability, using two-sided log rank tests. The Cox proportional-hazards 
regression was implemented to identify predictors of mortality within the cohort. Schoenfeld 
residuals were used to test the proportional-hazards (PH) assumption after model fitting.  In 
the event of violation of PH assumption for a specific covariate, the same covariate was 
included as a stratifying factor in the Cox model. Likelihood ratio tests were used to compare 
nested models to identify significant predictors of mortality. In the synergistic model, the 
multiplicative interaction term of comorbidity and disability was included in the model. 
Potential confounders were adjusted in multiplicative interaction model. All analyses were 





19,360 community hospital patient admissions were initially considered. 2,314 (12.0%) non-
rehabilitation were first excluded, followed by 2,604 (15.3%) patients with second or 
subsequent admissions. A total of 14,442 first rehabilitation admission patients were thus 
recruited. Among them, 1,638 patients (11.3%) had missing discharge disability status. The 
final cohort consisted of 12,804 patients (Figure 14), of whom 4,239 (33.1%) were alive at 
the end of the study. The median follow-up time across the cohort was 10.9 years 
(interquartile range [IQR]: 8.5 – 13.3 years). The mean age of the cohort at admission was 
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73.0 (standard deviation [SD]: 11.5) years, mean discharge BI scores was 60.4 (SD= 29.0), 
median length of stay was 32.0 days (IQR: 20.0-47.0), and median Charlson comorbidity 
index score was 3 (IQR: 1-5). Patients who had total disability were more likely to be 
admitted for stroke (p<0.001), moderate SES (p<0.001) and discharged to acute hospital 
(25.4%) compared to other disability groups. Length of stay was not significantly different 
across the four disability groups (p=0.053) (Table 12).  
 
Bivariate analyses 
Among those who died, significantly more were male (p<0.001), older (>65 years, p<0.001), 
widowed (p<0.001), had a caregiver (p<0.001), from low or moderate SES group (p<0.001), 
had greater comorbidity burden (p<0.001) and had greater disability (p<0.001) at discharge, 
and shorter length of stay (p=0.005) (Table 13, Figure 15). Tests on proportional hazards 
assumption were performed. Gender, age group (18-64 vs. > 65 years), year of admission and 
primary diagnosis at admission violated the proportional hazards assumption. Thus, we 
stratified the study sample by these variables and obtained pooled estimates. Patients with 
low, moderate or high comorbidity had 1.43 (95% confidence interval (CI): 1.34-1.54, 
p<0.001), 1.94 (95% CI: 1.79-2.09, p<0.001) and 2.80 (95% CI: 2.49-3.16, p<0.001) times 
mortality risks respectively compared to patients with no comorbidity. Patients with 
moderate, severe and total disability at discharge had 1.54 (95% CI: 1.46-1.63, p<0.001), 2.27 
(95% CI: 2.12-2.42, p<0.001) and 2.44 (95% CI: 2.28-2.61, p<0.001) times mortality risks 
respectively compared to patients with no or mild disability. 
 
Multivariate analyses 
Length of stay was dropped from final model as it became insignificant after adjusting for 
discharge destination (p=0.662). Significant predictors of mortality in the final multivariate 
model were discharge destination, SES group, community hospital and marital status (Table 
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14). Patients discharged to nursing homes and acute hospitals had 1.14 (95% CI: 1.05-1.22, 
p=0.001) and 1.54 (95% CI: 1.45-1.65, p<0.001) times mortality risk respectively compared 
to those discharged to home. Patients from moderate or low SES group had 1.12 (95% CI: 
1.03-1.22, p=0.007) and 1.40 (95% CI: 1.29-1.53, p<0.001) times greater mortality risk 
respectively compared to those in high SES group. Patients who were widowed had 1.38 
(95% CI: 1.25-1.53, p<0.001) times mortality risk compared to singles.  
 
The interaction between comorbidity and disability at discharge was significant in the final 
synergistic interaction model of mortality risk (p<0.001) (Figure 16 and 17). Patients with 
highest mortality risks had both comorbidity and disability compared to patients with either 
comorbidity or disability alone (Figure 17). Among patients who had high comorbidity, 
patients with no or mild, moderate, severe and total disability had 3.09 (95% CI: 2.51-3.81, 
p<0.001), 3.64 (95% CI: 2.96-4.46, p<0.001), 5.03 (95% CI: 3.98-6.35, p<0.001) and 6.57 
(95% CI: 5.15-8.37, p<0.001) times greater mortality risk respectively compared to those with 




A national cohort of patients admitted for step-down inpatient rehabilitation after acute 
hospitalization was followed-up for up to 16 years. Comorbidity, discharge disability, 
widowhood, low socioeconomic status, readmission into acute care and institutionalization 
were independent predictors of mortality, reflecting the main elements in models of 
frailty.[184-188] Our results also demonstrated a novel synergistic effect between 
comorbidity and discharge disability on long-term mortality.[187, 188] 
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Our results identified predictive variables of mortality that map well onto the frailty cascade 
model and quantified the increased risks of each of these factors.[168] For example, in the 
presence of physiological decline (age-related) across multiple physiological systems 
aggravated by disease processes (comorbidity), an acute physical event (hospitalization) may 
cause a negative cascade of events from disability, healthcare utilization (readmission and 
institutionalization) to eventually death. One other integrated conceptual model of frailty 
postulated that life course determinants and diseases may lead to frailty and adverse 
outcomes.[196-198] This model of frailty can also be supported by our findings. For example, 
widowhood, low socioeconomic status (life course determinants) and comorbidity (diseases) 
result in disability (physical frailty), institutionalization and death (adverse outcomes). Hence, 
our results statistically validate earlier theoretical models identifying factors contributing to 
mortality in frail individuals.  
 
Current models of clinical frailty that combine disability and comorbidity on an additive scale 
may underestimate the mortality risk, especially in the high-risk groups. The interaction 
between comorbidity and disability is better considered as a “comorbidity-disability 
complex”. This complex is a central component of many conceptual models of frailty.[167, 
168, 199, 200] However, in contrast with current models that assume an additive effect of 
comorbidity and disability on mortality risk, our findings provide evidence that the effect of  
this comorbidity-disability complex on mortality risk is synergistic. To our knowledge, no 
previous study has reported a combined synergistic effect of comorbidity and disability on 
long-term mortality risk. One approach to understanding the synergistic interaction effect is to 
tease out how comorbidity and disability impact each other. For example, it can be conceived 
that comorbidities increase the likelihood of hospitalizations, leading to disability, decreased 
mobility, sarcopenia, a higher level of frailty, and potentially further comorbidities. These 
factors are likely to have bidirectional influences and may continuously propagate in a vicious 
cycle that perpetuates itself until physical frailty results in premature death.  




Clinical management of disability, comorbidity and frailty each has its unique challenges. 
Disabled older patients are at greater risk of social isolation, institutionalization, and new 
chronic diseases and initiation of frailty and initially of frailty.[167] Hence, medical care for 
the disabled involves rehabilitation to maximize function and prevent further decline. 
Fragmented sub-specialized care focused on single disease leads to complications in patients 
with multiple comorbidities due to complex relationships between conditions and their 
treatments.[201] Frail patients also have additional needs beyond those of underlying 
comorbidity and disability as they are vulnerable to other stressors such as hospitalization, 
under-nutrition and falls. Additional care is therefore needed to treat pathologic causes of 
progressive weakness, prevent iatrogenesis and reduce risk factors that result in 
disability.[167]  
 
Strengths and limitations 
The strengths of our study are a large study sample with long follow-up of up to 16 years. 
These provided the opportunity to elicit complex long-term relationships such as the 
synergistic interaction between comorbidity and disability on mortality. The database tracked 
all patients admitted to community hospitals during the study period and hence was a 
nationally representative study population. The limitation of this study is the use of 
retrospective data and incompleteness of records which could have introduced data entry 
biases.  Furthermore, the study was limited to investigating variables that the database 
included and did not consider other factors may also affect long-term outcomes (e.g. 
cognition, mental health, quality of life and healthcare decision-making). In addition, we 
excluded 24 patients who died during their hospital stay. As these patients had poorer 
admission functional scores (mean=23.9 vs. 46.3) and greater comorbidity burden (mean=4.5 
vs. 2.9) compared to patients in our study, our current risk estimates would be slightly 
conservative. Finally, the study was completed in an Asian population within a developed 
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economy and an advanced healthcare system. Generalization of these findings to Western and 
other populations should be done with care. 
 
Conclusions 
This study confirmed that comorbidity and disability are independent predictors of mortality 
risks in patients after discharge from acute hospitalizations. In addition to widowhood and 
institutionalization, we also found a novel synergistic interaction effect of the comorbidity-
disability complex independent on mortality risk. Future research should consider the 
feasibility and value of replicating this prospective study in non-Asian populations. The 
mechanisms through which the comorbidity-disability complex impacts mortality also 
warrants further investigation.  
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Year of admission       
1996 585 (4.6) 116 (2.3) 100 (2.7) 60 (3.2) 309 (14.8) <0.001 
1997 1291 (10.1) 348 (6.9) 384 (10.2) 196 (10.4) 363 (17.4)  
1998 1316 (10.3) 382 (7.5) 409 (10.9) 245 (13.0) 280 (13.4)  
1999 1357 (10.6) 571 (11.2) 429 (11.4) 196 (10.4) 161 (7.7)  
2000 1205 (9.4) 519 (10.2) 374 (10.0) 175 (9.3) 137 (6.6)  
2001 1239 (9.7) 512 (10.1) 371 (9.9) 194 (10.3) 162 (7.8)  
2002 1113 (8.7) 462 (9.1) 365 (9.7) 141 (7.5) 145 (7.0)  
2003 1368 (10.7) 552 (10.9) 379 (10.1) 224 (11.9) 213 (10.2)  
2004 1631 (12.7) 800 (15.7) 450 (12.0) 228 (12.1) 153 (7.3)  
2005 1699 (13.3) 820 (16.1) 489 (13.0) 227 (12.0) 163 (7.8)  
Primary diagnosis at admission       
Stroke  5240 (40.9)  1557 (30.6) 1536 (41.0) 880 (46.7) 1267 (60.7) <0.001 
Fracture  3781 (29.5)  1733 (34.1) 1188 (31.7) 464 (24.6) 396 (19.0)  
Amputation  299 (2.3)  135 (2.7) 98 (2.6) 29 (1.5) 37 (1.8)  
Others  2434 (19.0)  1110 (21.8) 663 (17.7) 375 (19.9) 286 (13.7)  
Lower limb arthroplasty  362 (2.8)  257 (5.1) 75 (2.0) 20 (1.1) 10 (0.5)  
Cancer  243 (1.9)  113 (2.2) 66 (1.8) 39 (2.1) 25 (1.2)  
Falls  232 (1.8)  104 (2.1) 77 (2.1) 31 (1.6) 20 (1.0)  
Pneumonia  213 (1.7)  73 (1.4) 47 (1.3) 48 (2.6) 45 (2.2)  
Gender       
Female  7463 (58.3)  2934 (57.7) 2302 (61.4) 1057 (56.0) 1170 (56.1) <0.001 
Male  5341 (41.7)  2148 (42.3) 1448 (38.6) 829 (44.0) 916 (43.9)  
Age group       
Age: 18-64 years  2671 (20.9)  1359 (26.7) 667 (17.8) 289 (15.3) 356 (17.1) <0.001 
Age: >65 years  10133 (79.1)  3723 (73.3) 3083 (82.2) 1597 (84.7) 1730 (82.9)  



















Length of stay (days), median (25th-75th) 32 (20-47) 32 (22-47) 33 (23-47) 33 (21-46) 33 (19-49) 0.053 
Community hospital       
A  3240 (25.3)  1750 (34.4) 755 (20.1) 416 (22.1) 319 (15.3) <0.001 
B  6727 (52.5)  2591 (51) 2349 (62.6) 1115 (59.1) 672 (32.2)  
C  2381 (18.6)  578 (11.4) 513 (13.7) 301 (16.0) 989 (47.4)  
D  456 (3.6)  163 (3.2) 133 (3.6) 54 (2.9) 106 (5.1)  
Ethnicity       
Chinese  11293 (88.2)  4578 (90.1) 3315 (88.4) 1617 (85.7) 1783 (85.5) <0.001 
Malay  848 (6.6)  234 (4.6) 264 (7.0) 167 (8.9) 183 (8.8)  
Indian  518 (4.1)  206 (4.1) 134 (3.6) 82 (4.4) 96 (4.6)  
Others  145 (1.1)  64 (1.3) 37 (1.0) 20 (1.1) 24 (1.2)  
Marital status       
Single  1099 (8.6)  675 (13.3) 232 (6.2) 86 (4.6) 106 (5.1) <0.001 
Married  5483 (42.8)  2080 (40.9) 1594 (42.5) 849 (45.0) 960 (46.0)  
Widowed  5853 (45.7)  2134 (42) 1826 (48.7) 917 (48.6) 976 (46.8)  
Separated/Divorced  369 (2.9)  193 (3.8) 98 (2.6) 34 (1.8) 44 (2.1)  
Caregiver       
No  1257 (9.8)  744 (14.6) 294 (7.8) 110 (5.8) 109 (5.2) <0.001 
Yes  11547 (90.2)  4338 (85.4) 3456 (92.2) 1776 (94.2) 1977 (94.8)  
Socioeconomic status        
High   1207 (9.4)  424 (8.3) 445 (11.9) 178 (9.4) 160 (7.7) <0.001 
Moderate   4478 (35.0)  1480 (29.1) 1242 (33.1) 630 (33.4) 1126 (54.0)  
Low   7119 (55.6)  3178 (62.5) 2063 (55.0) 1078 (57.2) 800 (38.4)  
Comorbidity burden 
(Charlson comorbidity index)  
      
None (0)  2377 (18.6)  1344 (26.5) 652 (17.4) 196 (10.4) 185 (8.9) <0.001 
Low (1-3)  5878 (45.9)  2348 (46.2) 1742 (46.5) 864 (45.8) 924 (44.3)  



















Moderate (4-6)  4012 (31.3)  1217 (24) 1202 (32.1) 713 (37.8) 880 (42.2)  
High (>7)  537 (4.2)  173 (3.4) 154 (4.1) 113 (6.0) 97 (4.7)  
Discharge destination       
Home 9774 (77.5) 4466 (88.8) 2844 (77.3) 1215 (65.6) 1249 (61.1) <0.001 
Nursing Home 1251 (9.9) 310 (6.2) 397 (10.8) 267 (14.4) 277 (13.6)  
Acute hospital 1583 (12.6) 255 (5.1) 440 (12.0) 369 (19.9) 519 (25.4)  
       a P-value: Chi-square test for categorical variables and Kruskal-Wallis test for length of stay. 
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Table 13. Social demographics by death status at time of censoring and bivariate model of all-cause mortality for hazard ratio 
 Alive  Dead  Hazard ratio (95% Confidence Interval) P-value
a 
 (n=4239) (n=8565) Year of admission   Stratification variable 
1996  112 (2.6)   473 (5.5)    
1997  266 (6.3)   1025 (12.0)    
1998  270 (6.4)   1046 (12.2)    
1999  355 (8.4)   1002 (11.7)    
2000  349 (8.2)   856 (10.0)    
2001  384 (9.1)   855 (10.0)    
2002  365 (8.6)   748 (8.7)    
2003  534 (12.6)   834 (9.7)    
2004  726 (17.1)   905 (10.6)    
2005  878 (20.7)   821 (9.6)    
Primary diagnosis at admission   Stratification variable 
Stroke  1708 (40.3)   3532 (41.2)    
Fracture  1343 (31.7)   2438 (28.5)    
Amputation  72 (1.7)   227 (2.7)    
Others  745 (17.6)   1689 (19.7)    
Lower limb arthroplasty  237 (5.6)   125 (1.5)    
Cancer  47 (1.1)   196 (2.3)    
Falls  46 (1.1)   186 (2.2)    
Pneumonia  41 (1.0)   172 (2.0)    
Gender   Stratification variable 
Female  2619 (61.8)   4844 (56.6)    
Male  1620 (38.2)   3721 (43.4)    
Age group   Stratification variable 
Age: 18-64 years  1502 (35.4)   1169 (13.7)    
Age: >65 years  2737 (64.6)   7396 (86.4)    
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 Alive  Dead  Hazard ratio (95% Confidence Interval) P-value
a 
 (n=4239) (n=8565) Length of stay (days), median (25th-75th) 31 (20-45) 31 (20-47) 0.999 (0.998-1.000) 0.010 
Community hospital     
A  1164 (27.5)   2076 (24.2)  1.00 (ref)  
B  2159 (50.9)   4568 (53.3)  1.04 (0.99-1.10)  0.126 
C  744 (17.6)   1637 (19.1)  1.06 (0.99-1.14)  0.084 
D  172 (4.1)   284 (3.3)  1.43 (1.25-1.63)    <0.001 
Ethnicity     
Chinese  3738 (88.2)   7555 (88.2)  1.00 (ref)  
Malay  262 (6.2)   586 (6.8)  1.23 (1.13-1.35)  <0.001 
Indian  186 (4.4)   332 (3.9)  1.00 (0.90-1.13)  0.933 
Others  53 (1.3)   92 (1.1)  0.89 (0.72-1.10)  0.269 
Marital status     
Single  518 (12.2)   581 (6.8)  1.00 (ref)  
Married  1939 (45.7)   3544 (41.4)  1.19 (1.08-1.30)  <0.001 
Widowed  1615 (38.1)   4238 (49.5)  1.47 (1.34-1.61)  <0.001 
Separated/Divorced  167 (3.9)   202 (2.4)  1.10 (0.94-1.30)  0.237 
Caregiver     
No  485 (11.4)   772 (9.0)  1.00 (ref)  
Yes  3754 (88.6)   7793 (91.0)  1.19 (1.10-1.28)  <0.001 
Socioeconomic status      
High   424 (10.0)   783 (9.1)  1.00 (ref)  
Moderate   1361 (32.1)   3117 (36.4)  1.12 (1.04-1.22)  0.005 
Low   2454 (57.9)   4665 (54.5)  1.31 (1.21-1.42)  <0.001 
Comorbidity burden 
(Charlson comorbidity index)    
  
None (0)  1107 (26.1)   1270 (14.8)  1.00 (ref)  
Low (1-3)  1992 (47.0)   3886 (45.4)  1.43 (1.34-1.54)  <0.001 
Moderate (4-6)  1049 (24.8)   2963 (34.6)  1.94 (1.79-2.09)  <0.001 
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 Alive  Dead  Hazard ratio (95% Confidence Interval) P-value
a 
 (n=4239) (n=8565) High (>7)  91 (2.2)   446 (5.2)  2.80 (2.49-3.16)  <0.001 
Discharge disability measured by Barthel 
Index   
  
No or mild disability (75-100)  2448 (57.8)   2634 (30.8)  1.00 (ref)  
Moderate disability (50-74)  1108 (26.1)   2642 (30.9)  1.54 (1.46-1.63)  <0.001 
Severe disability (25-49)  349 (8.2)   1537 (18.0)  2.27 (2.12-2.42)  <0.001 
Total disability (0-24)  334 (7.9)   1752 (20.5)  2.44 (2.28-2.61)  <0.001 
Discharge destination     
Home 3579 (86.0) 6195 (73.4) 1.00 (ref)  
Nursing Home 291 (7.0) 960 (11.4) 1.37 (1.28-1.47) <0.001 
Acute hospital 293 (7.0) 1290 (15.3) 1.96 (1.84-2.09) <0.001 
a P-value: Cox-proportional hazard model : stratified by age group (18-64, 65 and above), year of admission, gender, primary diagnosis at admission 
(stroke, fracture, amputation, lower limb arthroplasty, falls, others) 
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Table 14. Multivariate model of all-cause mortality in patients admitted to Singapore 
community hospitals from 1996 to 2005 
 





Disability    
No No or mild  1.00 (ref)  
No Moderate  1.77 (1.55-2.01) <0.001 
No Severe  3.09 (2.58-3.71) <0.001 
No Total  2.46 (2.01-3.01) <0.001 
Low No or mild  1.47 (1.33-1.64) <0.001 
Low Moderate  2.03 (1.82-2.26) <0.001 
Low Severe  3.07 (2.72-3.46) <0.001 
Low Total  3.22 (2.84-3.65) <0.001 
Moderate No or mild  1.99 (1.76-2.24) <0.001 
Moderate Moderate  2.69 (2.39-3.03) <0.001 
Moderate Severe  3.29 (2.89-3.74) <0.001 
Moderate Total  4.42 (3.89-5.03) <0.001 
High No or mild  3.09 (2.51-3.81) <0.001 
High Moderate  3.64 (2.96-4.46) <0.001 
High Severe  5.03 (3.98-6.35) <0.001 
High Total  6.57 (5.15-8.37) <0.001 
Discharge destination    
Home  1.00 (ref)  
Nursing Home  1.14 (1.05-1.22) 0.001 
Acute hospital  1.54 (1.45-1.65) <0.001 
Socioeconomic status    
High group  1.00 (ref)  
Moderate group  1.12 (1.03-1.22) 0.007 
Low group  1.40 (1.29-1.53) <0.001 
Community hospital    
A  1.00 (ref)  
B  1.10 (1.04-1.17) 0.001 
C  0.94 (0.87-1.02) 0.055 
D  1.21 (1.05-1.38) 0.007 
Marital status    
Single   1.00 (ref)  
Married  1.14 (1.03-1.26) 0.009 
Widowed  1.38 (1.25-1.53) <0.001 
Separated / 
Divorced 
 1.12 (0.95-1.32) 0.190 
a Cox-proportional hazard model: stratified by age group (18-64, 65 and above), year of 
admission (1996 to 2005), gender (female, male), primary diagnosis at admission (stroke, 
fracture, amputation, lower limb arthroplasty, falls, others) 
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Figure 14. Flowchart of selection criteria  
 
n= 12,804 (n=1638 missing values, 11.3%)  
Complete admission and discharge disability assessment data 
n= 14,442 (n=2604 repeated admissions, 15.3%) 
First admissions 
n= 17,046 (2314 admissions due to other causes, 12.0%) 
Admitted due to rehabilitation 
n= 19,360 
Four community hospitals (A, B, C, D) 
 | P a g e  
 
128 
Figure 15. Kaplan-Meier survival curve by comorbidity burden, discharge disability and discharge destination  
 
a) Comorbidity burden 
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Figure 16. Kaplan-Meier survival curves stratified by comorbidity and discharge disability. 
A. No comorbidity * 
 
B. Low comorbidity 
 
C. Moderate comorbidity 
 
            Years after discharge 
D. High comorbidity 
 
         Years after discharge  
Disability = No or mild Disability = Moderate
Disability = Severe Disability = Total
  
Log-rank P-value < 0.001 Log-rank P-value < 0.001 
Log-rank P-value < 0.001 Log-rank P-value < 0.001 
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Figure 17. Multiplicative interaction effect of comorbidity and disability in patients admitted to Singapore community hospitals from 1996 to 
2005 
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Main effect model: Exposures of interest: comorbidity burden (high, moderate, low and no comorbidity (ref)) and discharge disability (total, severe, 
moderate and no or mild disability (ref)). Adjusted for fixed effects: discharge destination (nursing home, acute hospital and home (ref)), 
socioeconomic status (low group, moderate group and high group (ref)), marital status (separated/divorced, widowed, married and single (ref)), and 
community hospital: A (ref), B, C, D. Stratified by age group (18-64 years, 65 years and above), year of admission (1996 to 2005), gender (female, 
male), primary diagnosis at admission (stroke, fracture, amputation, lower limb arthroplasty, falls, others) 
 








CHAPTER FIVE: THE INDIVIDUAL EFFECT OF 10 
ACTIVITIES OF DAILY LIVING ON REHABILITATION 




Context Activities of daily living(ADLs) are an essential measure of activity 
limitation in research to assess functional status and care needs but most previous 
studies reduced all 10 ADLs to a single total score. 
 
Objective To determine (a) information lost when combining 10 ADLs in the Shah 
modified Barthel Index into total score, (b) potential clusters of ADLs and (c) 
association of individual ADLs and ADL clusters on outcomes. 
 
Design Retrospective data extraction from medical records. 
 
Setting and Participants All first admissions into all community hospitals in 
Singapore from 1996 to 2005 (N= 12,804). 
 
Main Outcome Measures Length of stay (LOS), discharge functional status, 
discharge destination (nursing home, acute hospital, home) and survival. 
 
Results Principal component (PC) analysis on all ADL components suggested that 5 
dimensions accounted for 90% of the variability in the initial 10 ADLs. The total 
score (PC1) accounted for 64% of variability with high correlation with admission BI 
scores(r=1.00). Patients with poorer stair use (PC2), bowel and bladder continence 
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(PC3), better ambulation (PC4) and greater independence in feeding (PC5) were 
associated with better outcomes, independent of PC1. PC2 and PC4 clustered patients 
into four separate clusters (stair use, ambulation and transfers, continence, feeding and 
personal hygiene). 
 
Conclusions Using total scores, 36% of information was lost. First 5PCs captured 
90% of the original10 ADLs. PC3, PC4 and PC5 were strong independent predictors 
of LOS, discharge functional status and destination, and/or survival, even after 
adjustment of total score.  
 
Key words Activities of daily living; length of stay; institutionalization; mortality; 
principal component analysis; Barthel Index. 
  






Measurement of a person’s limitations with performing activities of daily living 
(ADLs) is essential in ageing research and in clinical practice to assess functional 
status and care needs. Assessments of individual ADLs could better describe the 
ability to self-care and the spectrum of disability in a patient than a total score.[202] 
Although clinicians often collect complete data on all of these specific activities of 
daily living, few use all of the ADL measures in clinical decision-making or in 
research because of the complexity and problem of multi-collinearity. Commonly 
used assessment tools to measure ADLs are the Functional Independence Measure 
(FIM) and the Shah modified Barthel Index (BI). The FIM identifies two underlying 
dimensions conceived as “physical health” and “cognitive health”.[203] However, 
most papers using the BI assessment tool reduced all the ADLs to a total score 
measured at admission and discharge in order to overcome the problem of multi-
collinearity and thus did not analyze each ADL individually.[75, 76, 204-209] 
 
As information on each individual ADL will be lost when analyzed as a total score, 
the purpose of our study was to (a) determine the amount of information lost when 
combining all the ADLs and representing it as total score, (b) identify potential 
clusters of individual ADLs using principal components analysis and (c) examine the 
relationship of individual ADLs and ADL clusters on discharge functional status, 
length of hospital stay for rehabilitation in the community hospitals, discharge 
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Data from medical records were retrospectively extracted for all patients admitted into 
the four community hospitals across Singapore for rehabilitation from 2 January 1996 
to 31 December 2005. Community hospitals in Singapore provide inpatient 
rehabilitation and intermediate care for Singaporeans.[148] Inpatient rehabilitation 
provided in acute hospitals focus on initiating rehabilitation as early as possible after a 
disabling event while rehabilitation provided by community hospitals focuses on 
longer term rehabilitation. Other details were mentioned in previous studies.[58, 140, 
210] The study was approved by the National University of Singapore Institutional 
Review Board and ethics committees of all involved hospitals. 
 
Data management 
Only first admissions for rehabilitation were included in the study.  Patients with 




Socio-demographic variables included age, gender (female and males), ethnicity 
(Chinese, Malay, Indian and others), marital status (married, separated/divorced, 
single and widowed), and caregiver availability (absence of caregiver and presence of 
caregiver). Hospitalization ward class served as a proxy measure for socioeconomic 
status. Subsidy level was classified as low or no subsidy (A to B2+ ward classes), 
moderate subsidy (B2 ward class) and high subsidy (C ward class).  
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Independent variables were socio-demographic variables and variables related to 
caregiver factors. In Singapore, patients staying in C class (non air-conditioned 8-
bedded) or B2 class (non air-conditioned 6-bedded) wards receive government 
subsidies for hospital stay (75% and 50% subsidy respectively); patients in higher 
class (i.e. air-conditioned from four bedded to single bedded) wards do not receive 
subsidies. 81% of public hospitals' beds (B2 and C ward classes) are highly 
subsidized. The remaining 19% have lower subsidies: 20% for B2+ ward class(air-
conditioned 5 bedded) and no subsidy for B1 (air-conditioned 4 bedded) and A (air-
conditioned single bed) ward class.[24]  
 
The Charlson comorbidity index (CCMI)[176] was used to measure burden of 
medical illnesses. The CCMI contains 19 categories of co-morbidity. The overall 
CCMI score is a sum of the weighted scores with higher scores reflecting greater 
cumulative disease burden. We categorized the CCMI scores into four groups based 
on the following index scores: 0 (no co-morbidity), 1-3 (low co-morbid burden), 4-6 
(moderate co-morbid burden), >7 (high co-morbid burden).  
 
Exposure of interest: Shah-modified Barthel Index 
The BI is a classic ADL assessment instrument.  It was originally developed by 
Mahoney and Barthel in 1965 and contains 10 items.[202] Eight items can be 
described as self-care activities (feeding, transfer from chair to bed and back, 
grooming, toileting, bathing, dressing, and bowel and bladder continence), and two 
items as mobility-related activities (walking or propelling a wheelchair on a level 
surface with or without devices or prostheses, and ascending and descending stairs). 
The BI is one of the most widely used measures of functional status and hence has 
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been extensively tested for validity, reliability and sensitivity. [211] Reliability of the 
BI has been demonstrated with high correlations in test-retest, intra-rater and inter-
rater reliability (r = 0.87, 0.71-0.99 and 0.75-0.99 respectively).[72, 212, 213] Shah et 
al modified the BI to be more sensitive by dividing original ADL category into sub-
categories to create 100 possible discrete values instead of 20 while keeping the range 
(from zero to 100) and number of ADL categories (n=10) unchanged (Appendix 
1).[75] Higher scores indicate greater functional independence. The Shah-modified BI 
is currently used by all community hospitals in Singapore and scored within 48 hours 
of admission and at least once every two weeks until discharge.[149] 
 
Outcome Measures 
Discharge BI Scores 
Discharge BI scores were calculated as a summation of 10 ADLs based on the final BI 
scoring. 
 
Length of Stay 
Length of hospital stay for rehabilitation in community hospitals was calculated as the 
total number of days from hospital admission to discharge.  
 
Discharge destination 
The discharge destination of patients was collected from patient records at community 
hospitals and coded as home (n=9,774), acute hospital (n=1,583), nursing home 
(n=1,251), and others (n=196). We only selected patients who were either discharged 
home, nursing home or acute hospital for all analysis. 
 
Survival 
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The Survival status was linked with the Singapore’s National Death Registry. 
Survival was calculated as the time from the last functional status assessment before 
discharge from community hospitals to death. All study subjects were censored as of 
31 December 2011.  
 
Statistical Analysis  
Principal component analysis 
Principal component analysis (PCA) is one of the methods used to derive patterns 
from correlated variables by forming uncorrelated weighted summations of the 
original observed variables through standardization, thereby addressing the issue of 
multi-collinearity. PCA was used for dimension reduction (i.e. representing most of 
the variation in each of the ADLs with a smaller set of uncorrelated principal 
components (patterns) characterized by the different individual ADLs). PCA of the 
correlation of subscales ADLs was performed to detect patterns. Variables were 
scaled to have unit variance by standardizing the data and Spearman correlation 
matrix was used on Likert scale ADLs. Each component captures a proportion of the 
variation of the ADLs and the number of components required was based on an 
apriori set cut-off of at least 90% of the variation. We also used a scree plot to 
determine to investigate the number of components. To our knowledge, PCA has 
never been previously applied on the Shah modified BI. Sensitivity analysis was 
performed using the Pearson correlation matrix and similar result was observed. 
 
To facilitate the interpretation of the principal components, the ADLs with absolute 
loadings above 0.5 on a component were considered as the primary drivers providing 
information that characterizes the ADL pattern. This approach allowed us to isolate 
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the original variables that best describe the components and the degree these 
components explain most of the variation in admission Shah-modified BI scores. 
Principal components that warrant further analysis had their loading values 
standardized to investigate the relative weights of each ADL and their component 
scores dichotomized at 0 (i.e. less than 0 versus greater than or equal to 0) to compare 
the characteristics between patients with scores above and below the mean. 
 
All analyses were adjusted for the primary diagnosis at admission that consisted of six 
disease groups: stroke, fracture, lower limb (LL) amputation, LL joint replacement, 
falls and others. 
 
Descriptive statistics  
We used descriptive statistics to examine differences in socio-demographic 
characteristics and discharge destination. Fisher’s exact test and Chi-square test were 
performed to test for association between categorical variables where appropriate. The 
independent t-test was performed on continuous variables with a normal distribution 
and the Mann-Whitney U test was performed on skewed variables to test for 
differences in medians across two groups. Analysis of variance (ANOVA) was 
performed on data with a normal distribution and the Kruskal Wallis test was 
performed on data with a skewed distribution to test for differences in means and 
medians respectively between three or more groups. Outliers were defined as having 
an absolute value greater than three times the standard deviation from the mean and 
were excluded from the analysis.  
 
Analyses of outcomes 
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Bivariate analysis between principal components of the original ADLs and ADL 
clusters with outcomes were performed. Multivariate linear regression was performed 
on discharge BI scores and length of inpatient stay as outcome variables. Multinomial 
regression model was used to predict the discharge destinations of nursing home and 
acute hospital with home as the reference group. Cox proportional-hazards (PH) 
regression was used to predict survival data. Variables adjusted were primary 
diagnosis at admission, gender, ethnicity, community hospitals, marital status, 
caregiver availability, religion, government subsidy, dementia, charlson comorbidity 





Demographics of the study population  
All community hospital patient admissions during the period 1996-2005 were initially 
considered (n=19,360). Of the 17,046 admissions for rehabilitation, 2,604 (15.3%) 
patients with second or subsequent admissions were excluded and 1,638 patients 
(9.6%) had discharge BI scores missing. We selected those who were discharged 
home, nursing home or readmitted to acute hospital and the final cohort consisted of 
12,804 patients. Mean age for the cohort was 73.0 years (SD: 11.5 years). The median 
survival across the cohort was 10.9 years (interquartile range [IQR]: 8.5 – 13.3 years). 
There were 4,239 (33.1%) patients alive at date of censoring.(Table 15).   
 
Distribution of individual ADLs  
The five subcategories for the 10 ADLs on task performance were (1) total 
dependence, (2) greatly dependent or unsafe to perform the task without caregiver, (3) 
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moderate dependence, (4) minimal dependence and (5) fully independent. The 
majority of the patients fell into moderate dependence.  
 
For personal hygiene, patients were approximately equally distributed in dependence 
across the five subcategories (Figure 18). For bathing, dressing and toileting, 41.6%, 
35.1% and 32.1% of patients had moderate dependence respectively. For bowel and 
bladder control, 42.5% and 39.6% were fully independent respectively. For feeding, 
51.0% of patients were fully independent. For transfers, 38.4% of patients had 
moderate dependence. For ambulation and wheelchair, 28.6% of patients were totally 
dependent and 27.8% had moderate dependence. Of note, the wheelchair part of the 
Shah-modified BI contributed little to ambulation and wheelchair ADL as less than 
10% had a score of greater than 0 in wheelchair ADL. For stair use, 88.0% of patients 
were totally dependent.  
 
Individual ADLs were strongly correlated with admission BI scores and within 
themselves. Strong pairwise correlations were also observed among most individual 
BI components and were all positively correlated ranging from 0.18 to 0.86 (Figure 
19). This would have led to a problem of multi-collinearity during multivariate 
analysis.   
 
Description of the principal components  
PCA on all 10 ADL components suggested that 5 dimensions accounted for 90% of 
the variability in the ADLs. Principal component 1 (PC1) was highly correlated with 
admission BI scores (Pearson r=1.00) (Figure 20) and with almost equal loadings on 
all 10 ADLs and accounted for 64% of variability in the underlying ADL variables 
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(Table 16). PC2 accounted for an additional 10% of variability and was heavily 
loaded on stair use. PC3 accounted for an additional 7% of variability and was heavily 
loaded on continence (bowel and bladder control). PC4 accounted for an additional 
5% of variability and was heavily loaded on ambulation and wheelchair. PC5 
accounted for an additional 4% of variability and was heavily loaded on feeding. PC6 
to PC10 accounted for the last 10% of variability and were not adjusted into our 
outcome models.  
 
Based on visual inspection of the scree plot to retain all components before the 
first component levels off, the cut-off was two principal components (Figure 21). 
Using the first two dimensions explained 74% of the original information in ADLs. 
 
Triangulating the principal components with outcomes 
The bi-variate (unadjusted) analysis for each of the 5 PCs predicting rehabilitation 
outcomes, discharge destinations and survival is provided in Table 17.The final 
model was adjusted for total admission BI scores (PC1), stair use (PC2), continence 
(PC3), ambulation and wheelchair (PC4), feeding (PC5), primary diagnosis at 
admission, gender, ethnicity, community hospitals (A to D), marital status, caregiver 
availability, religion (yes or no), government subsidy, dementia, age and year of 
admission (Table 17). 
 
In the multivariate model, patients with a better admission functional status (PC1) had 
higher discharge BI scores (adjusted beta (aBeta): 9.58, 95% confidence interval (CI): 
9.47 to 9.69), shorter length of stay (aBeta: -1.04, 95%CI: -1.20 to -0.88), lower odds 
of being discharged to nursing home (adjusted odds ratio (aOR): 0.78, 95%CI: 0.76 to 
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0.80) and acute hospital (aOR: 0.78, 95%CI: 0.76 to 0.80) compared to home, and 
lower mortality risk (adjusted hazard ratio (aHR): 0.90, 95%CI: 0.89-0.91).  
 
Patients with better functional status in stair use (PC2) had poorer discharge 
BI scores (aBeta: -1.12, 95%CI: -1.37 to -0.87), shorter length of stay (aBeta: -1.42, 
95%CI: -1.78 to -1.07), higher odds of nursing home discharge (aOR: 1.07, 95%CI: 
1.00-1.15) and higher mortality risk (aHR: 1.03, 95%CI: 1.01 to 1.06).  
 
Patients with better bowel and bladder control (PC3) had better discharge BI 
scores (abeta: 0.80, 95%CI: 0.49 to 1.10), shorter length of stay (abeta: -0.60, 95%CI: 
-1.03 to -0.16) and lower mortality risk (aHR: 0.96, 95%CI: 0.94 to 0.99). 
 
Patients with better ambulation (PC4) had shorter length of stay (abeta: -2.25, 
95%CI: -2.77 to -1.73) and lower odds of being discharged to a nursing home (aOR: 
0.86, 95%CI: 0.77 to 0.95) and acute hospital (aOR: 0.88, 95%CI: 0.80 to 0.97) 
compared to home.  
 
Patients with greater independence in feeding (PC5) had better discharge BI 
scores (abeta: 4.07, 95%CI: 3.67 to 4.47), lower odds of being discharged to acute 
hospital compared to home (aOR: 0.91, 95%CI: 0.83 to 1.00) and lower mortality risk 
(aHR: 0.95, 95%CI: 0.91 to 0.98). With the inclusion of the PCs into statistical 
models, the problem of multi-collinearity was successfully addressed in all final 
multivariate models with a variance inflation factor of less than 5.  
 
The full model explained 78.6% of variation in discharge BI scores, 15.1% in 
length of stay, 12.4% in discharge destinations and 24.0% in mortality. Rehabilitation 
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variables(PC1 to PC5) explained 77.0% of variation in discharge BI scores, 2.9% in 
length of stay, 2.7% in discharge destinations and 6.4% in mortality. PC1 explained 
76.2% of variation in discharge BI scores, 1.7% in length of stay, 2.2% in discharge 
destinations and 5.8% in mortality(Table 18).   
 
Exploring PC2: better stair use (poorer continence) vs. better continence (poorer 
stairs) 
An unexpected finding was that patients with poor functional status in stair use (PC2) 
had better discharge ADL scores, lower odds of nursing home placement and better 
survival. However, upon closer examination of this component, we found that the 
physical hygiene, bathing, dressing and toileting ADLs only contributed 6% of 
variation in PC2, the rest of the 94% of variation was explained by the antagonistic 
effect of “internal” function (low PC2 scores) such as feeding, bowel and bladder 
control contributing 37% versus “external” function (high PC2 scores) such as 
transfers, ambulation and stairs contributing 58% of variation. Although patients may 
have better “external” function, their poorer “internal function” would explain the 
increased odds of nursing home discharge and poorer survival experience as they had 
a higher comorbidity burden as well.  In addition, more than 60% of patients with 
comorbid conditions such as dementia, leukaemia or lymphoma tended to have better 
“external” function but poorer “internal” function. We further explored PC2 and 
dichotomized the component scores at 0 (i.e. <0 versus ≥0). We found that patients 
who had poorer functional status in stairs (component scores less than zero) were 
more likely to be admitted due to post hip fracture arthroplasty, knee arthroplasty or 
lower limb amputation, have better continence and lesser comorbidity burden. As only 
patients with a good surgical prognosis will undergo hip or knee arthroplasty and 
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lower limb amputation, this cluster represents the sub-group of post lower limb 
surgery patients who were unable to manoeuvre stairs post-operatively during 
rehabilitation but recovered well enough to achieve higher discharge functional 




Principal component analysis had previously been performed mainly on the 
Functional Independence Measure (FIM), where two fundamental principal 
components emerged: one measuring motor and the second measuring cognitive 
function.[214-216] This is not surprising, as the FIM was developed to incorporate the 
cognitive sphere which was lacking in the BI.[217] To the best of our knowledge, 
principal component analysis has not been previously performed on the Shah 
modified BI. In addition, triangulating its principal components with outcomes allows 
for comparison of its relative impact after further adjustments.  
 
Distribution of individual ADLs 
Exploring the variability in the ADLs among patients at admission could identify 
potential floor and ceiling effects in each item.[216] In our geriatric rehabilitation 
setting, we did not observe any ceiling effects in admission BI in this population. 
However, we noted floor effects in stair use as 88% of patients were unable to climb 
stairs at admission. Our findings were consistent with the Linacre et al and Stineman 
et al. who found that stair use was the most difficult ADL to perform.[215, 217] 
Although few elderly are able to climb stairs after rehabilitation, increases in this 
ADL is often an important therapeutic goal for clinicians.[215] Nevertheless, while 
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floor effects in climbing stairs would limit detection of further decline in this ADL, it 
also provides a large room for detection of improvement.  
 
Loss of Information when only using Total Score 
 
In previous studies, admission BI is often treated as a total score. [75, 76, 204-209] 
We found that using the admission functional status(PC1) only accounted for 64% of 
initial variation in the 10 ADLs but including the other 4 PCs increased this to 90%. 
 
Triangulating PCs with Outcomes  
After adjusting for admission BI score, specific ADLs clusters such as stair use, 
continence (bowel and bladder control), ambulation and feeding were significant 
independent predictors of outcomes such as discharge functional scores, length of 
stay, discharge destinations (home, nursing home or acute hospital) and survival. 
Thus, total scores alone may not completely describe the relationship between ADL 
and outcomes, and specific clusters of ADLs (e.g. bladder and bowel incontinence) 
may provide additional information on the relationship between ADL and outcomes.  
 
Continent patients had better clinical outcomes such as shorter length of stay and 
better survival even after adjustment for admission functional status. Mortality rate 
was higher in incontinent elderly people compared to those who were continent in 
several Western[214, 216-222] and Eastern[223, 224] countries. In a study of 699 
community-dwelling participants receiving home care services in Geneva, 27.8% of 
them had urinary incontinence (UI). UI was associated with longer length of hospital 
stay of 36.7 days and hazard ratio of 4.2 (95% CI: 2.3-7.7) in those with two or more 
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urinary leakages per week compared to participants without UI. Similar to our study, 
institutionalization was not different between patients with or without UI.[214] UI 
could be associated with other conditions that affect death. For example, higher 
frequency in toilet visits might be associated with increased fall risk,[225] hip fracture 
and consecutive mortality[226], especially in the elderly. In a separate cohort study of 
1,186 patients who did not have faecal incontinence (FI) with 10 months follow-up, 
the authors found that long-lasting (defined as 8 days or more) or permanent FI was 
associated with increased mortality.[218] Long-lasting FI in elderly patients seems to 
indicate poor health.[221] In a Canadian study, the authors found that although FI was 
associated with increased mortality and institutionalization, these associations were 
largely due to other potential confounders such as poor self-assessed health, cognitive 
impairment, and ADL dependence.[227] Double incontinence of urinary and faecal 
incontinence is well known[222, 228, 229] and is associated with poor mobility[222, 
228] and cognitive impairment[230, 231]. Similar effects of incontinence on mortality 
were reported in Japan, where severe double incontinence had an independent and 
consistent effect on mortality.[224] Patients and their doctors are often reluctant to 
talk about incontinence, but results stress the importance of early incontinence 
detection, as it is an independent predictor of death even after further adjustment of 
admission functional status. In addition, preventive measures are likely to be cost 
effective in populations at high risk, such as institutionalized or debilitated elderly 
people, mentally-ill patients, and those who are neurologically-impaired.[232] 
 
Patients with better mobility (i.e. ambulation and transfers) also had better clinical 
outcomes. They tended to have a shorter length of stay and lower odds of being 
discharged to a nursing home and acute hospital even after adjusting for caregiver 
presence. Early ambulation is important for recovery in other patient 
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populations.[233, 234] For example, a predictor of prolonged length of stay is time to 
ambulation after hip fracture surgery.[235] Level of ambulation during the first 48 
hours after admission was also associated to length of stay in geriatric patients.[236] 
The wheelchair part of the Shah-modified BI contributed little to “ambulation and 
wheelchair” ADL in our geriatric population, probably because the elderly have other 
functional deficits which prevents them from being as independent on a wheelchair 
(as compared to, say, young traumatic paraplegics). This suggests that in the Shah-
modified BI, the wheelchair part of the “ambulation and wheelchair” ADL contributes 
little to the latter and can be omitted in a geriatric population without major loss of 
information. Future research and care planning should consider both the overall 
functional status and cluster of mobility-related ADLs when analyzing health 
outcomes such as rehabilitation impact indices, length of stay and institutionalization. 
 
Patients with greater independence in feeding and personal hygiene had better 
discharge BI scores, lower odds of being discharged to acute hospital compared to 
home and lower mortality risk. Feeding primarily involving the upper limbs and hence 
this principal component may represent upper limb function. Siebens et al. reported 
that eating dependency had been associated with early mortality.[237] Another study 
among advanced dementia patients, found that the only independent predictor of 
mortality was weight loss from feeding problems.[238] In a 12-month prospective 
study, although Marín-Zuluaga et al. did not find an association between oral health 
and mortality, the authors found that mortality risk was increased in denture 
users.[239] In Japan, 417 patients from eleven nursing homes were randomly assigned 
to an oral care group or no oral care group. The authors found that patients with oral 
care had significantly lower number of pneumonia episodes, fewer febrile days and 
lower mortality risk from pneumonia compared to patients without oral care.[240] 




Overall, our findings suggest that in addition to using total score as a surrogate of the 
patient’s functional independence at admission, clinicians and therapists should also 
consider specific ADL clusters during decision-making regarding discharge planning 
and advising about expected outcomes. Although some ADLs (stairs, continence, 
ambulation and feeding) were significant predictors of rehabilitation outcomes even 
after adjustment of admission functional scores, the additional information explained 
in the multivariate models were marginal (R2 between <0.1% to 1.1%). However, as 
we studied admission BI scores for all admission diagnoses, further work is needed to 
explore if these relationships differs with different primary diagnoses at admission.  
 
Strengths and limitations 
To the best of our knowledge, this is the first study to explore Shah-modified BI using 
PCA. Even after adjusting for admission BI scores, certain ADLs were independent 
predictors for outcomes. In addition, our research also demonstrated clustering 
between certain ADLs. The limitations of our study include the retrospective nature of 
data extracted that is dependent on accuracy and completeness of medical records. 
Nevertheless, there is a low percentage of missing data.  Interpretation of the 
component loadings is subjective and is dependent on knowledge of the subject 
matter.  Although defining a threshold of 0.5 for each factor loading was arbitrary, 
interpretation for each ADL component remained robust even if the threshold were to 
be further lowered. Moreover, lowering the threshold gave similar conclusions and 
our primary interest was to look for key drivers of ADLs based on its PCs. In 
addition, our main interest was to define primary drivers for each principal 
component, thus a parsimonious model was preferred. Lastly, as with all principal 
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component analyses, interpretations of components may be subjective, although our 
main conclusions would hold. 
 
Conclusions 
This study showed that using admission BI as a total score only accounted for 64% of 
initial variation in the 10 ADLs. The first five principal components (PC), each 
consisting of an ADL cluster, increased the capture of information in the original 10 
ADLs to 90%. The five PCs were admission BI (PC1), stairs (PC2), bowel and 
bladder control (PC3), ambulation and transfers (PC4), and feeding (PC5). Patients 
with greater function in certain ADL clusters such as bowel and bladder control, 
ambulation and feeding had shorter length of stay, discharge functional status and 
destination, and/or survival, even after adjustment of admission BI scores. The 
rehabilitation community may need to start considering ADLs in clusters rather than 
individually or as a total score because specific ADL clusters have independent 
effects on important rehabilitation outcomes. Although PC2 to PC5 were statistically 
significant, the additional information after adjusting for admission functional status 
was marginal (R2 between <0.1% to 1.1%). 
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Table 15. Discharge destinations and mortality status by admission characteristics of rehabilitation 














P-value Alive (n= 4239) 
Dead 










     Personal hygiene  3.0 (1.7) 3.1 (1.7) 2.6 (1.7) 2.4 (1.8) <0.001 3.5 (1.5) 2.7 (1.8) <0.001 
     Bathing  2.4 (1.5) 2.5 (1.5) 2.1 (1.4) 2.0 (1.5) <0.001 2.8 (1.4) 2.3 (1.5) <0.001 
     Feeding 7.1 (3.8) 7.4 (3.6) 6.4 (4.0) 6.0 (4.1) <0.001 8.0 (3.2) 6.6 (3.9) <0.001 
     Dressing 4.5 (3.1) 4.7 (3.1) 3.9 (2.9) 3.6 (3.1) <0.001 5.5 (3.1) 4.0 (3.0) <0.001 
     Toileting 4.1 (3.1) 4.4 (3.1) 3.5 (2.9) 3.2 (3.0) <0.001 5.0 (3.0) 3.7 (3.0) <0.001 
     Bowel control 6.0 (4.2) 6.3 (4.1) 4.7 (4.1) 4.6 (4.2) <0.001 7.2 (3.8) 5.4 (4.2) <0.001 
     Bladder control 5.7 (4.3) 6.0 (4.2) 4.4 (4.1) 4.3 (4.3) <0.001 6.9 (4.0) 5.1 (4.3) <0.001 
     Transfers 7.4 (4.5) 7.7 (4.4) 6.5 (4.4) 5.8 (4.5) <0.001 8.6 (4.3) 6.7 (4.4) <0.001 
     Ambulation (or 
wheelchair) 5.3 (4.7) 5.7 (4.7) 4.4 (4.4) 3.8 (4.3) <0.001 6.4 (4.8) 4.8 (4.5) <0.001 




        
     PC1 Admission BI - 0.2 (2.5) -0.7 (2.5) -0.9 (2.5) <0.001 0.8 (2.4) -0.4 (2.5) <0.001 
     PC2 Stairs - -0.01 (1.1) 0.1 (0.9) -0.01 (0.9) <0.001 -0.04 (1.1) 0.02 (1.0) 0.005 
     PC3 Continence - 0.02 (0.8) -0.1 (0.8) -0.04 (0.8) <0.001 0.02 (0.8) -0.01(0.8) 0.0494 
     PC4 Ambulation - 0.02 (0.7) -0.05 (0.6) -0.05 (0.7) 0.002 0.003(0.7) -0.002(0.7) 0.697 
     PC5 Feeding - 0.003(0.6) 0.01 (0.6) -0.03 (0.7) 0.077 -0.01 (0.6) 0.004(0.6) 0.325 
Primary diagnosis at 
admission, n(%)         
     Lower limb (LL)  
     Amputation 299 (2.3) 207 (70.9) 29 (9.9) 56 (19.2) <0.001 72 (24.1) 227 (75.9) <0.001 
     Falls 232 (1.8) 155 (68.3) 43 (18.9) 29 (12.8)  46 (19.8) 186 (80.2)  
     Fracture 3781(29.5) 2991(80.1) 336 (9.0) 405 (10.9)  1343(35.5) 2438(64.5)  
     LL Arthroplasty 362 (2.8) 316 (88.3) 16 (4.5) 26 (7.3)  237 (65.5) 125 (34.5)  
     Others 2890 (22.6) 2035(71.7) 335 (11.8) 470 (16.6)  833 (28.8) 2057(71.2)  
     Stroke 5240 (40.9) 4070(78.9) 492 (9.5) 597 (11.6)  1708(32.6) 3532(67.4)  
Gender, n (%)          
     Female 7463 (58.3) 5832 (79.2) 699 (9.5) 835 (11.3) <0.001 2619 (35.1) 4844 (64.9) <0.001 
     Male 5341 (41.7) 3942 (75.2) 552 (10.5) 748 (14.3)  1620 (30.3) 3721 (69.7)  
Ethnicity, n (%)          
     Chinese  11293 (88.2) 8568 (77.1) 1169 (10.5) 1379 (12.4) <0.001 3738 (33.1) 7555 (66.9) 0.214 
     Indian 518 (4.1) 402 (78.5) 33 (6.5) 77 (15.0)  186 (35.9) 332 (64.1)  
     Malay 848 (6.6) 693 (82.9) 36 (4.3) 107 (12.8)  262 (30.9) 586 (69.1)  
     Others 145 (1.1) 111 (77.1) 13 (9.0) 20 (13.9)  53 (36.6) 92 (63.5)  
Community hospital, 
n (%)           
     A 3240 (25.3) 2432 (75.8) 417 (13.0) 359 (11.2)  1164 (35.9) 2076 (64.1)  
     B 6727 (52.5) 5157 (78.2) 582 (8.8) 854 (13.0) <0.001 2159 (32.1) 4568 (67.9) <0.001 
     C 2381 (18.6) 1896 (80.3) 156 (6.6) 310 (13.1)  744 (31.3) 1637 (68.8)  
     D 456 (3.6) 289 (64.9) 96 (21.6) 60 (13.5)  172 (37.7) 284 (62.3)  
Marital status, n (%)          
     Married 5483 (42.8) 4384 (81.1) 291 (5.4) 728 (13.5)  1939 (35.4) 3544 (64.6) <0.001 
     Separated/Divorced 369 (2.9) 261 (72.5) 56 (15.6) 43 (11.9)  167 (45.3) 202 (54.7)  
     Single  1099 (8.6) 649 (61.6) 273 (25.9) 131 (12.4) <0.001 518 (47.1) 581 (52.9)  
     Widowed 5853 (45.7) 4480 (77.4) 631 (10.9) 681 (11.8)  1615 (27.6) 4238 (72.4)  
Caregiver, n (%)          
     No 1257 (9.8) 683 (56.4) 373 (30.8) 155 (12.8) <0.001 485 (38.6) 772 (61.4) <0.001 
     Yes 11547 (90.2) 9091 (79.8) 878 (7.7) 1428 (12.5)  3754 (32.5) 7793 (67.5)  
Religion, n (%)              No 1434 (11.2) 1013 (72) 218 (15.5) 177 (12.6) <0.001 459 (32.0) 975 (68) 0.348 
     Yes 11370 (88.8) 8761 (78.2) 1033 (9.2) 1406 (12.6)  3780 (33.3) 7590 (66.8)  
         
















P-value Alive (n= 4239) 
Dead 
(n= 8565) P-value 
Government subsidy, 
n (%) 
     Low or no subsidy  1207 (9.4) 967 (82.0) 33 (2.8) 180 (15.3) <0.001 424 (35.1) 783 (64.9) <0.001 
     Moderate subsidy 4478 (35.0) 3602 (81.5) 235 (5.3) 581 (13.2)  1361 (30.4) 3117 (69.6)  
     High subsidy  7119 (55.6) 5205 (74.3) 983 (14) 822 (11.7)  2454 (34.5) 4665 (65.5)  
Charlson 
comorbidity index 
(CCMI), n (%) 
        
     0 2377 (18.6) 1944 (83.0) 195 (8.3) 204 (8.7) <0.001 1107 (46.6) 1270 (53.4) <0.001 
     1-3 5878 (45.9) 4489 (77.6) 616 (10.7) 679 (11.7)  1992 (33.9) 3886 (66.1)  
     4-6 4012 (31.3) 2975 (75.3) 400 (10.1) 577 (14.6)  1049 (26.2) 2963 (73.9)  
     ≥7 537 (4.2) 366 (69.2) 40 (7.6) 123 (23.3)  91 (17.0) 446 (83.1)  
Dementia, n (%)              No 11328 (88.5) 8815 (79.1) 936 (8.4) 1397 (12.5) <0.001 4004 (35.4) 7324 (64.7) <0.001 
     Yes 1476 (11.5) 959 (65.7) 315 (21.6) 186 (12.7)  235 (15.9) 1241 (84.1)  
Year of admission              1996 585 (4.6) 462 (79.7) 56 (9.7) 62 (10.7) <0.001 112 (19.2) 473 (80.9) <0.001 
     1997 1291 (10.1) 961 (75.6) 134 (10.5) 177 (13.9)  266 (20.6) 1025 (79.4)  
     1998 1316 (10.3) 971 (75.3) 135 (10.5) 183 (14.2)  270 (20.5) 1046 (79.5)  
     1999 1357 (10.6) 1029 (77.4) 130 (9.8) 170 (12.8)  355 (26.2) 1002 (73.8)  
     2000 1205 (9.4) 924 (78.4) 84 (7.1) 171 (14.5)  349 (29.0) 856 (71.0)  
     2001 1239 (9.7) 938 (76.4) 122 (9.9) 168 (13.7)  384 (31.0) 855 (69.0)  
     2002 1113 (8.7) 887 (80.6) 106 (9.6) 107 (9.7)  365 (32.8) 748 (67.2)  
     2003 1368 (10.7) 987 (73.5) 190 (14.2) 166 (12.4)  534 (39.0) 834 (61.0)  
     2004 1631 (12.7) 1272 (79) 140 (8.7) 199 (12.4)  726 (44.5) 905 (55.5)  
     2005 1699 (13.3) 1343 (80.1) 154 (9.2) 180 (10.7)  878 (51.7) 821 (48.3)  
Age, mean (SD) 73.0  (11.5) 72.6 (11.4) 76.3 (10.9) 73.4 (12.1) <0.001 67.7 (12.2) 75.6 (10.2) <0.001 
Total admission BI, 
mean (SD) 46.0 (26.3) 48.6 (26.0) 39.0  (25.5) 36.1 (26.0) <0.001 54.6 (24.5) 41.8 (26.2) <0.001 
Total discharge BI, 
mean (SD) 59.9 (29.3) 64.0  (28.2) 51.3 (28.5) 42.4 (28.7) <0.001 71.3 (25.4) 54.3 (29.5) <0.001 
Length of stay, 
median (IQR) 31 (20-47) 32 (22-47) 42 (29-61) 17 (9-29) <0.001 31 (20-46) 31 (20-47) 0.116 
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Table 16. Factors-loading matrix for admission Barthel Index (BI) items identified by principal components (PC) analysis  
  
Admission BI components PC1 PC2 PC3 PC4 PC5 
Individual percentage  64% 10% 7% 5% 4% 
Cumulative percentage  64% 75% 81% 86% 90% 
     Personal hygiene  0.34 -0.02 -0.28 -0.37 -0.05 
     Bathing  0.34 -0.05 -0.21 -0.11 -0.31 
     Feeding 0.31 -0.23 -0.05 -0.38 0.77 
     Dressing 0.35 0.04 -0.27 -0.13 -0.17 
     Toileting 0.35 -0.02 -0.12 -0.02 -0.41 
     Bowel control 0.32 -0.32 0.50 0.10 -0.05 
     Bladder control 0.31 -0.31 0.53 0.14 -0.11 
     Transfers 0.33 0.21 -0.13 0.38 0.14 
     Ambulation (& wheelchair) 0.31 0.30 -0.13 0.62 0.28 
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Table 17. Regression coefficient (95% confidence interval) of predictors on response variables: rehabilitation outcomes, discharge destinations 
and mortality  
 
Rehabilitation outcomes† Discharge destinations‡ 
Mortality¶ 
 
Discharge BI Length of stay Nursing home vs.  Home 
Acute hospital 
vs. Home 
Univariate analysis       PC1: Admission BI 10.07 (9.97-10.16)** -1.08 (-1.22--0.94)** 0.87 (0.85-0.89)** 0.83 (0.81-0.85)** 0.89 (0.88-0.90)** 
   PC2: Stairs  -1.06 (-1.30--0.83)** -0.15 (-0.5-0.20) 1.14 (1.08-1.21)** 0.96 (0.90-1.02) 1.05 (1.03-1.08)** 
   PC3: Continence  
   (bowel & bladder control)  0.40 (0.10-0.70)* 0.40 (-0.04-0.84) 0.84 (0.78-0.9)** 0.91 (0.84-0.97)* 0.91 (0.89-0.93)** 
   PC4: Ambulation   -0.15 (-0.52-0.21) -3.35 (-3.89--2.81)** 0.85 (0.78-0.93)** 0.85 (0.78-0.93)** 0.98 (0.95-1.01) 
   PC5: Feeding  3.94 (3.54-4.34)** 0.10 (-0.48-0.69) 1.03 (0.93-1.13) 0.94 (0.85-1.03) 1.02 (0.98-1.05) 
Multivariate analysis 
        PC1: Admission BI 9.58 (9.47-9.69)** -1.04 (-1.20--0.88)** 0.78 (0.76-0.80)** 0.78 (0.76-0.8)** 0.90 (0.89-0.91)** 
   PC2: Stairs  -1.12 (-1.37--0.87)** -1.42 (-1.78--1.07)** 1.07 (1.00-1.15)* 0.97 (0.90-1.04) 1.03 (1.01-1.06)* 
   PC3: Continence  
   (bowel & bladder control)  0.80 (0.49-1.10)** -0.60 (-1.03--0.16)* 0.97 (0.89-1.05) 0.95 (0.88-1.02) 0.96 (0.94-0.99)* 
   PC4: Ambulation   0.25 (-0.12-0.61) -2.25 (-2.77--1.73)** 0.86 (0.77-0.95)* 0.88 (0.80-0.97)* 1.00 (0.96-1.03) 
   PC5: Feeding  4.07 (3.67-4.47)** 0.15 (-0.41-0.71) 0.99 (0.89-1.10) 0.91 (0.83-1.00)* 0.95 (0.91-0.98)* 
* 0.05 <P-value ≤ 0.001, ** P-value < 0.001 
† Using linear regression. Beta-coefficients reported. 
‡ Using multinomial regression. Odds ratios reported.  
¶ Using Cox proportional hazard modelling. Hazard ratios reported.  
Multivariate models are adjusted for confounders such as primary diagnosis at admission, gender, ethnicity, community hospitals (A 
to D), marital status, caregiver availability, religion (yes or no), government subsidy, dementia, CCMI, age and year of admission. 




 | P a g e  
 
155 
Table 18. Percentage variation explained (R-square) by variables in the overall model. 
  Rehabilitation outcomes† Discharge 
destinations‡ Mortality
¶   Discharge BI Length of stay 
Full model 0.786 0.151 0.124 0.240 
Rehabilitation variables 0.770 0.029 0.027 0.064 
   PC1: Admission BI 0.762 0.017 0.022 0.058 
   PC2: Stairs  0.003 <0.001 0.001 0.002 
   PC3: Continence  
                (bowel & bladder)  <0.001 <0.001 0.002 0.003 
   PC4: Ambulation <0.001 0.011 0.001 <0.001 
   PC5: Feeding  0.008 <0.001 <0.001 <0.001 
Cluster variables 0.180 0.104 0.012 0.010 
   Year of admission 0.083 0.009 0.004 0.008 
   Community hospital  0.113 0.083 0.008 0.001 
Social variables 0.051 0.017 0.048 0.019 
   Marital status  0.019 0.003 0.023 0.016 
   Caregiver  0.017 0.001 0.028 0.002 
   Government subsidy 0.033 0.015 0.019 0.003 
Medical variables 0.079 0.025 0.026 0.070 
   Primary diagnoses  0.054 0.023 0.008 0.023 
   Dementia 0.018 0.001 0.012 0.023 
   Charlson comorbidity index  0.041 0.004 0.007 0.034 
Confounders 0.028 0.003 0.014 0.143 
   Gender   <0.001 <0.001 0.002 0.005 
   Race   0.004 <0.001 0.003 0.001 
   Religion <0.001 0.003 0.003 <0.001 
   Age 0.020 <0.001 0.007 0.120 
† Using linear regression.  
‡ Using multinomial regression.  
¶ Using Cox proportional hazard modelling.  
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Y-axis: Number of patients 
X-axis categories:  
Category 1 (lowest score): Total dependence and unable to perform the task,  
Category 2: Able to perform the task but require maximum assistance in all aspect,  
Category 3: Able to perform the task and require some assistance,  
Category 4: Able to perform the task and require supervision for safety,  
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Figure 19. Spearman correlation (lower triangle), scatterplot matrix (upper triangle) and histogram (diagnoal) of Admission BI scores 
with individual BI components.    
  
Abbreviations (clockwise): BI=Barthel Index; AmbWlchr=Ambulation with or without wheelchair; Trnsf=Transfer; 
Stair=Ascending/descending stairs; Feed=Feeding; PH=Personal hygiene; Toilt=Toileting; Bath=Bathing; Dress: Dressing; 
Blddr=Bladder control; Bowel=Bowel control. 
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Figure 20. Pearson correlation (lower triangle), scatterplot matrix (upper triangle) and histogram (diagnoal) of Admission BI scores with 
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Figure 21. Screeplot of principal components 
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In summary, we found that functional independence at admission and discharge had 
increased across the years. Rehabilitation effectiveness and efficiency had also 
increased despite the decreasing trend in length of stay. Social factors and dementia 
were strong determinants for nursing home placement followed by rehabilitation 
factors. Comorbidity and disability had a multiplicative effect on mortality risk. Using 
admission functional scores explained 64% of original activities of daily living. 
Although some ADLs (stairs, continence, ambulation and feeding) were significant 
predictors of rehabilitation outcomes even after adjustment of admission functional 
scores, the additional information explained in the multivariate models were marginal.  
 
6.1 Trends in Patient Characteristics and Rehabilitation Outcomes from 
1996 to 2005. 
 
In the first study (Chapter 2), we found that rehabilitation outcomes such as R-
effectiveness and R-efficiency improved from 1996 to 2005, despite a decreasing 
trend in length of stay and adjusted for admission functional status.  This could be due 
to improvement in the quality of rehabilitation services in Singapore, the increase in 
number of therapists and better rehabilitation technology within community hospitals. 
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On average, length of stay declined by about one day a year for most diagnosis 
groups. Rehabilitation median length of stay in the US also declined from 20 days in 
1994 to 12 days in 2001.[87] This is more than half the length of stay compared to 
Singapore (31 days in 2005). However, there are differences in rehabilitation intensity 
and community support services between the two countries. Singapore community 
hospitals provide an hour of therapy twice a day and do not have public funding for 
home support services. In the US, three hours of therapy was provided and home 
support services are covered by medical insurance although it was not applied 
universally and eligibility criteria limited access.  
 
Functional scores at admission also increased in Singapore from 1996 to 2005, 
although the opposite trend was observed in the US from 1994 to 2001.[87] Patients 
admitted with better functional independence in the later years contradict results 
reported in the National Survey of Senior Citizens in 2005. This survey was done in 
the general population and found that those aged 55 years and above were more 
dependent in 2005 compared to 1995.[21] A potential reason could be due to the 
limited resources in community hospitals causing them to be more selective of 
patients with better functions at admission. Nevertheless, mean discharge functional 
scores had increased at a faster rate compared to admission scores suggesting that 
Singapore community hospitals have been discharging patients with greater 
improvement across time. 
 
Patients admitted due to falls were more likely to be without a caregiver. As family 
size gets smaller and females are having a much longer life expectancy, patients 
admitted due to fracture, falls or lower limb replacement may increase at a much 
faster rate with our ageing population.  




Overall, 80% of the patients were discharged home, 10% were discharged to nursing 
homes and 10% were readmitted to acute hospitals. Compared to home, the odds of 
being discharged to nursing homes or readmitted to acute hospitals remained largely 
unchanged with time after adjusting for variations in the socio-demographic profile of 
patients. This could be because of the limited number of nursing home beds as well as 
better functional independence in the later years.  
 
 
6.2 Factors associated with Nursing Home Placement 
 
 
In the second study (Chapter 3), we found a complex interplay of variables associated 
with nursing home discharge and common risk factors, such as old age, comorbid 
conditions, lack of family support, financial and functional dependence.[134, 136, 
137, 141, 143, 144, 146, 153, 157]  
 
In our study, the factors associated with higher odds of nursing home placement were 
found in Chinese, males, single, widowed, separated or divorce compared to being 
married, higher subsidy class, absence of caregiver, dementia, lower admission 
function score, poorer rehabilitation effectiveness and efficiency and primary 
diagnosis groups such as LL amputation and falls compared to stroke. These factors 
can be grouped into four major groups such as social variables, rehabilitation 
variables, medical variables and confounders. The largest percentage variation was 
explained by social variables (9.5%), followed by rehabilitation variables (6.1%) and 
confounders (4.1%) as well as medical conditions of patients at admission (3.6%). 
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Social and rehabilitation variables play an important role on nursing home placement. 
With time, social variables will likely worsen due to the decreasing family size, 
increasing proportion of singlehood and rising divorce rates. The strongest variable 
associated with nursing home placement was the absence of caregiver. Prevalence of 
nursing home discharge may increase with time given our current demographic 
trends. Thus, the Singapore government planned to increase the number of nursing 
home beds from 9,495 in 2012 [241] to 14,000 over the next decade [53] in 
preparation for the ageing population.  
 
Functional dependence of patients is potentially modifiable through rehabilitation.  
Community hospitals should continue to improve rehabilitation service and focus on 
keeping patients functionally independent for as long as possible to delay disability 
and nursing home placement. Premature discharge of patients should be avoided 
especially when they could be rehabilitated to a better functional status. Stepping up 
local community services to facilitate a continuum of care will also be helpful in 
providing adequate support for patients who need help in some activities of daily 




6.3 Joint Impact of Comorbidities and Disability on Patients’ Survival 
 
 
In the third study (Chapter 4), we found that comorbidity, discharge disability, 
widowhood, low socioeconomic status, readmission into acute care and 
institutionalization were independent predictors of mortality. These factors reflect the 
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main elements in models of frailty [184-188] that map well to the frailty cascade 
model and quantified the increased risks of death.[168]  
 
This study also found a significant interaction effect between comorbidity and 
discharge disability on mortality. Comorbidities would increase the likelihood of 
hospitalizations, leading to disability, decreased mobility, frailty and potentially 
further comorbidities. These factors are likely to have bidirectional influences and 
may continuously propagate in a vicious cycle until physical frailty results in 
premature death. 
Managing disability, comorbidity and frailty each has its unique clinical components. 
Being disabled increases the risk of social isolation, institutionalization, developing 
new chronic diseases and frailty.[167] Medical care for patients with disability 
requires primarily rehabilitation to maximize function and prevent further decline. For 
patients with multiple comorbidities, multi-disciplinary care is often required as 
treatment which focuses on a single disease may lead to complications due to complex 
drug interactions.[201] Frail patients often have additional needs beyond treatment of 
the underlying comorbidity and disability as they are vulnerable to other stressors 
such as hospitalization, under-nutrition and falls. Additional care is therefore needed 
to treat pathologic causes of progressive weakness and reduce risk factors that result 
in disability.[167]  
 
The sedentary lifestyle of the majority of the citizens has led to obesity, bigger 
waistlines, earlier onset of chronic diseases such diabetes mellitus, hypertension and 
hyperlipidaemia.[242] Greater risk of stroke, heart problems and related 
cardiovascular complications are observed at a younger age and many are developing 
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crippling health-related issues even before retirement.[242] Mortality risks greatly 
increase in patients with comorbidities and disabilities. Thus active prevention 
through routine health check-ups or screening, increasing physical activity and 
healthier diet will be useful to delay the onset of comorbidities and disabilities. 
 
 
6.4 Ten Activities of Daily Living on Rehabilitation Outcomes: Principal 
Component Analysis 
 
The BI instrument assesses the ability of an individual with neuromuscular disorder to 
care for themselves based on the assistance required to complete 10 ADLs.[243] In 
previous studies, the BI score at admission was treated as a total score of these 10 
ADLs. [75, 76, 204-209] However, using the total score instead of the 10 ADLs 
accounts for 64% of initial information in the original variables. Adding additional 
four PCs explained 90% of the initial information in the 10 original variables. The 
five PCs that explained 90% of the initial information in the 10 ADLs were: total 
admission BI (PC1, 64%), stairs (PC2, 10%), bowel and bladder control (PC3, 7%), 
ambulation and transfers (PC4, 5%), and feeding (PC5, 4%). 
 
Patients with good continence control had better clinical outcomes such as shorter 
length of stay and better survival even after adjustment for admission functional 
status. Patients with better mobility (i.e. ambulation and transfers) tended to have a 
shorter length of stay and lower odds of being discharged to a nursing home and acute 
hospital even after adjusting for caregiver presence. Patients with greater 
independence in feeding had better discharge BI scores, lower odds of being 
discharged to acute hospital compared to home and lower mortality risk. 




Specific ADLs clusters such as stair use, continence (bowel and bladder control), 
ambulation and feeding were significant independent predictors of outcomes such as 
discharge functional scores, length of stay, discharge destinations (home, nursing 
home or acute hospital) and survival, even after adjusting for total admission BI score. 
Thus, using the total scores alone may not completely describe the relationship 
between ADLs and outcomes.  
 
6.5 Public Health Implications: What it means to stakeholders? 
 
 
Ageing has major public health implications. From 2000 until 2050, the world’s 
population aged 60 and over will triple from 600 million to 2 billion.[244] 
Demographic change has several implications for public health and maintaining good 
health is key for older people to remain independent and play a part in family or 
community life. Life-long health promotion and disease prevention can delay or 
prevent the onset of non-communicable or chronic diseases.  These chronic diseases 
need to be detected and treated early to minimize their complications and those with 
more advanced disease need long term care and support. We can also draw lessons 
from older people on their experience and knowledge such as caring for family.[244]   
 
Singapore is one of the fastest ageing populations in Asia and faces challenges to 
accommodate the changing age structure. More elderly are facing mild disability and 
functional impairment.[20, 21, 25] The ability of older people to remain independent 
requires provision of a supportive environment through upgrades of elderly friendly 
home fittings[245] as well as having appropriate health care. With increasing 
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disability prevalence and decreasing family sizes, accessibility and affordability of 
rehabilitation services are necessary for elderly to maintain or improve their 
functional status following disability. 
 
6.5.1 “Forgotten” Stakeholders: The People 
 
Healthcare in Singapore has been progressing and is known to be reliable around the 
world. Although Singapore’s health care is more expensive than our Asian 
counterparts, she draws medical tourists by its world-class and familiar medical 
infrastructure, cleanliness, order, and English speaking medical staff.[246] The Joint 
Commission International has accredited 15 hospitals and medical centres in 
Singapore offering a variety of services from dental, orthopaedics, urology, 
dermatology, cardiology, sports medicine, ophthalmology, endocrinology, cosmetic 
procedures as well as alternative medicines such as traditional Chinese medicine that 
includes acupuncture and herbal remedies.[246] 
 
 
Despite our well-established healthcare, Singaporeans are reluctant to use the primary 
care institutions with a common saying “It is better to die than be saddled with 
hospital bills”. The government had set up systems in place such that 94% of private 
expenditure on health comes out-of-pocket [247] to deter moral hazard. In addition, 
care giving for the elderly is primarily the role of families. Thus medical savings of 
children have become an important source of financing for their parents’ 
healthcare.[248] As such, most elderly tend to seek medical help late, causing diseases 
to spiral out of control coupled with unnecessary complications and disabilities.[249]  




Chronic diseases are a significant cause of illness and death in Singapore that often 
leads to more serious complications if not managed properly. Many elderly end up 
going to multiple specialists due to multiple conditions and may have to be 
hospitalized.[250] In this thesis, rehabilitation has been found to be effective in 
improving patients’ functional status at discharge and reducing their odds of being 
admitted to nursing homes. As rehabilitation is able to reduce disability burden, 
patients may in turn have better a quality of life and improved survival.  
 
For stroke patients, rehabilitation is crucial to their recovery. However, a recent study 
published in the International Journal of Therapy and Rehabilitation found that 50% 
of the patients did not follow recommendations to continue their rehabilitation due to 
access barriers, including mobility difficulties and transport costs, as well as 
affordability of these services.[251] In a separate study, the authors found that only 
33% of patients participate in supervised therapy at one month after discharge.[252] 
 
Family members play an important role in facilitating rehabilitation and need to be 
more empowered and involved in discharge planning to optimize care arrangements 
and information delivery.[251] The authors highlighted the need to review current 
goal-setting processes for rehabilitation and the need to establish a common 
understanding of rehabilitation practice between patients, carers and clinicians. 
 
With early detection and good management of these chronic conditions, complications 
can be avoided or delayed and patients can continue to live independent lives. Patients 
with chronic conditions work with their Family Physicians to manage their conditions 
actively through regular monitoring, appropriate and timely medical treatment and 
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lifestyle changes.[250] Caregivers should also play an important role in supporting 
and encouraging their aged family members to seek treatment early. 
 
6.5.2 “Fettered” Stakeholders: The Providers 
 
 
Singapore population has grown by 25% over the last ten years and is projected to 
continue growing over the next decade. In addition, our population is ageing very 
rapidly having 1 in 5 Singapore residents aged 65 and above by 2030. This is a 
threefold increase of the elderly to 960,000 from about 350,000 today. As our 
population ages, there will be an increase in healthcare demand as the elderly are 4 
times more likely to be hospitalised than younger Singaporeans and they have longer 
length of stay. At present, signs of capacity constraints have already been observed in 
the healthcare system from high bed occupancy rates and the long waiting times for 
appointments.[253]  
 
Community hospitals should provide rehabilitation care for everyone in need. 
However, due to limited beds and resource constraints, healthcare providers may be 
more selective of patients who are more independent at admission. In addition, as 
community hospitals are funded partially by the Ministry, there could be pressure to 
discharge patients prematurely as government subsidies are closely linked to length of 
hospital stay.  
 
Healthcare providers should also be aware that most patients who are discharged from 
inpatient rehabilitation tend to forgo their prescribed follow-up therapy sessions due 
to access barriers.[251, 252] Thus, there is a great impetus to ensure that functional 
outcomes are optimized and disabilities are minimized before discharging patients to 
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improve long term outcomes. Clinicians also need to be more patient-centred with 
greater awareness of their role in providing well-coordinated information about 
therapy and treatment. 
 
Patients with a different primary diagnosis at admission tend to have varying lengths 
of stay and performed differently for rehabilitation. Thus, there is a need for valid 
population sensitive assessments that take into account ageing and the changing 
demographics of patients admitted to hospitals coupled with good practices on the 
ground to ensure timely and accurate assessments.   
 
6.5.3 “Funding” Stakeholders: The Partial Payers  
 
Singapore offers universal healthcare coverage to her citizens. In the community 
hospital, the Government subsidizes up to 75% of the total bill for households with 
low income.[51] This is the first tier protection. Medisave is a compulsory medical 
savings account scheme that allows Singaporeans to pay for their share of medical 
treatment and provides the second tier of protection. It can be used to cover up to 
$250 per day for community hospital stay.[51] Both working Singaporeans and their 
employers contribute a part of the monthly wages into the Medisave account. As at 31 
Dec 2010, the average Medisave balance is S$16,900. On average, this amount is 
sufficient to pay for 9 to 10 subsidised acute hospitalisation episodes.[254] The third 
level of protection is provided by MediShield, a low cost catastrophic medical 
insurance scheme. This allows Singaporeans to effectively risk-pool the financial risks 
of major illnesses. MediShield could be used to pay for community hospital 
admission if referred from an acute care hospital for further treatment.[51] Finally, if a 
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Singaporean is unable to afford community hospital bill despite government subsidies, 
Medisave and MediShield, one can apply for Medifund assistance via a medical social 
worker at the community hospital.[51] Medifund is a medical endowment fund set up 
by the Government as an ultimate safety net for needy Singaporeans.[254]  
 
Funding for inpatient rehabilitation or outpatient visits is necessary as the aged would 
have no sources of income and barriers to rehabilitation often surround accessibility 
and payment. There is a need to increase resources in the underfunded intermediate 
and long term care sector. Instead of having funding tied to length of hospital stay, 
models should be updated to account for the changing demography of older patients 
with more chronic illnesses and longer length of hospital stay. Services with greater 
focus on both inpatient and community based outpatient rehabilitation should be 
ramped up further to allow patients to have functional independence for as long as 
possible and to delay the onset of frailty and disability. Efforts should target both 
individuals and the population, leveraging on the know-how and methodologies 
across the clinical sciences, public health fields, as well as administration and policy-
making. 
 
6.6 Future plans 
6.6.1 Linking database  
 
Future extensions of this project include linking up with the relevant authorities and 
determining if functional independence at admission continues to increase after 2005. 
In addition, we could determine changes in the demography of patients admitted to 
community hospitals as well as quantify the cost by disability groups. To quantify the 
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potential beneficial effect of rehabilitation, it will also be helpful to compare the 
characteristics of patients who were referred to community hospitals but were not 
admitted with the patients who were admitted to community hospital and compare 
their outcomes (eg. survival or functional status) across time. 
 
6.6.2 Cost of rehabilitation by primary diagnosis groups  
 
As the geriatric population requires more rehabilitation sessions over a longer time 
period with small improvements in functional independence, it will be useful to 
evaluate the cost effectiveness of geriatric rehabilitation in Singapore. To determine 
the association of hospitalization costs with rehabilitation outcomes such effectiveness 
and efficiency of rehabilitation, length of hospital stay, on explanatory variables such 
as overall functional dependence at admission, functional dependence by different 
ADLs, primary diagnosis at admission, comorbidities and disabilities burden for each 
inpatient episode. In addition, we could also study the relationship of other 
confounders such as types of insurance, mode of payment and its association with 
inpatient hospitalization costs.  
   
6.6.3 Uninsured patients: Characteristics and household fund transfer 
 
Singapore is currently undergoing a health care reform where Prime Minister Lee 
announced in the 2013 National Day Rally that the Ministry of Health will expand 
MediShield, a low-cost basic insurance scheme to provide lifetime coverage for all 
Singapore residents.[255] It will be interesting to determine the characteristics of 
patients who are currently uninsured and explore the association between hospital 
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utilization rates and insurance status. As individuals can transfers funds to pay for 
hospitalization costs of their immediate family members, there may be an association 
between mode of payment and rehabilitation outcomes. In addition, we can also 
follow-up these insured patients and determine if their utilization rates on services 
increased after being covered by insurance compared to those with insurance.  
 
6.7 Strengths and limitations  
 
The strengths of this study are its huge sample size and long follow-up period. As the 
study tracks all patients admitted to community hospitals, it provides us with insights 
into trends, discharge destinations and survival of patients after acute hospitalization 
in Singapore. 
 
The limitations of this study are the retrospective data extraction and we were unable 
to adjust for potential confounders that were uncollected such as cognitive function, 
executive functions, psychosocial measures such as depression or social support, 
patients’ motivation, number of rehabilitation sessions, hours of rehabilitation and 
cost.  
In addition, the positive selection of patients who were more independent at 
admission across time was contrary to the increasing disability prevalence in our 
elderly.   Although rehabilitation effectiveness had increased through the years, it 
could be driven by the effect that patients were functionally more independent in later 
years. Data on people who were referred but not admitted to community hospital were 
not collected in this study. Thus we could not quantify how much improvement in 
rehabilitation effectiveness and efficiency was due to physical therapy versus positive 
selection of patients with better functional status.  
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As the number of therapy sessions or hours spend in rehabilitation were not 
collected, we were unable to quantify the dose-response relationship between intensity 
of rehabilitation on various outcomes. The decreasing length of stay could be a result 
of a bed crunch situation where hospitals may be incentivised to discharged patients 
prematurely. However, as intensity of rehabilitation was not collected, we were 
unable to study if the decreasing trend in length of stay was driven by more intensive 
rehabilitation sessions across the years or due to the changes in profile of patients who 
were admitted.  
 
6.8 Conclusion  
 
In conclusion, this thesis demonstrates the outcomes of post-acute inpatient 
rehabilitation in Singapore. Rehabilitation improves functional independence at 
discharge, reduces the odds of nursing home placement and improves survival. In 
addition, it is also important to consider ADLs clusters as they have independent 
effects on rehabilitation outcomes. Our study also shows the dual threats of the 
interaction of comorbidity and disability affecting the survival of patients. As such, a 
‘silo’ system of treatment may not work very well in the long run as patients are 
having earlier onset of illnesses and most have multiple chronic conditions. There is a 
need for greater collaborative and strategic efforts from citizens and their caregivers, 
medical professionals, healthcare institutions, providers, as well as administrators and 
policy makers to tackle the multidimensional ageing problem.  
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Activities of Daily 
Living (ADL) 
 









Assistance is required in all steps of personal hygiene. 
 1 
Some assistance is required in one or more steps of personal hygiene. 
 3 
Patient is able to conduct his/her own personal hygiene but requires minimal 
assistance before and/or after the activity. 
 
4 
The patient can wash his/her hands and face, comb hair, clean teeth and 
shave.  A male patient may use any kind of razor but must insert the blade, or 
plug in the razor without help, as well as retrieve it from the drawer or 
cabinet.  A female patient must apply her own make-up, if used, but need not 





Total dependence in bathing self. 0 
 
Assistance required in all aspects of bathing. 
 1 
Assistance required with either transfer to shower/bath or with washing or 








The patient may use a bath tub, a shower, or take a complete sponge bath.  
The patient must be able to do all the steps of whichever methods is 
employed without another person being present. 
 
5 
3. Dressing The patient is dependent in all aspects of dressing and is unable to participate 
in the activity. 
 
0 
The patient is able to participate to some degree, but is dependent in all 
aspects of dressing. 
 
2 
Assistance is needed in putting on, and/or removing any clothing. 
 5 
Only minimal assistance is required with fastening clothing, such as buttons, 
zips, bra, shoes, etc. 
 
8 
The patient is able to put on, remove, and fasten clothing, tie shoelaces, or put 
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4. Feeding Dependent in all aspects and needs to be fed. 
 0 
Can manipulate an eating device, usually a spoon but someone must provide 
active assistance during the meal. 
 
2 
Able to feed self with supervision. Assistance is required with associated 
tasks, such as putting milk/sugar into tea, salt, pepper, spreading butter, 
turning a plate or other “set-up” activities. 
 
5 
Independence in feeding with prepared tray except assistance may be required 




The patient can feed self from a tray or table when someone puts food within 
reach, The patient must be able to put on assistive device if needed, cut the 
food, and if desired, use salt and pepper, spread butter, etc. 
 
10 
5. Toileting Fully dependent in toileting. 
 0 
Assistance required in all aspects of toileting. 
 2 




Supervision may be required for safety with normal toilet.  A commode may 
be used at night but assistance is required for emptying and cleaning. 
 
8 
The patient is able to get on and off the toilet, fasten and unfasten clothes, 
prevent soiling of clothes and use toilet paper without help.  If necessary, the 
patient may use bad pan or commode, or urinal at night, but must be able to 







The patient is bowel incontinent. 
 0 
The patient needs help to assume appropriate position, and with bowel 
movement facilitatory techniques. 
 
2 
The patient can assume appropriate position, but cannot use facilitatory 
techniques, or clean self without assistance and has frequent accidents. 
Assistance is required with incontinence aids such as pads, etc. 
 
5 
The patient may require supervision with the use of suppository or enema and 
has occasional accidents. 
 
8 
The patient can control bowels and has no accidents, can use suppository, or 















The patient is incontinent but is able to assist with the application of an 
internal or external device. 
 
2 
The patient is generally dry by day and not at night, and needs some 
assistance with the devices. 
  
5 
The patient is generally dry by day and night, but may have an occasional 
accident, or need minimal assistance with internal or external devices. 
 
8 
The patient is able to control bladder day and night, and/or is independent 





Unable to participate in transfer. Two attendants are required to transfer the 
patient with or without a mechanical device. 
 
0 
Able to participate but maximum assistance of one other person is required in 
all aspects of the transfer. 
 
3 
The transfer requires the assistance of one other person. Assistance may be 
required in any aspect of the transfer. 
 
8 
The presence of another person is required either as a confidence measure or 
to provide supervision for safety. 
 
12 
The patient can safely approach the bed in a wheelchair, lock the brakes, lift 
the footrests, move safely to bed, lie down, come to a sitting position on the 
side of the bed, change the position of the wheelchair, transfer back into it 






Dependent in ambulation. 
 0 
Constant presence of one or more assistants is required during ambulation. 
 3 
Assistance is required with reaching aids and/or their manipulation.  One 
person is required to offer assistance. 
 
8 
The patient is independent in ambulation but unable to walk 50 metres 




The patient must be able to wear braces if required, lock and unlock these 
braces, assume standing position, sit down, and place the necessary aids into 
position for use. The patient must be able to use crutches, canes or a walking 










[Only use this 





and then only 





Dependent in wheelchair management. 
 0 
Patient can propel self short distances on flat surfaces, but assistance is 
required for all other steps of wheelchair management. 
 
1 
Presence of one person is necessary and constant assistance is required to 
manipulate chair to table, bed, etc. 
 
3 
The patient can propel self for a reasonable duration over regularly 




To propel wheelchair independently, the patient must be able to go around 
corners, turn around, manoeuvre the chair to a table, bed, toilet, etc. The 





The patient is unable to climb stairs. 
 0 
Assistance is required in all aspects of stair-climbing, including assistance 
with walking aids. 
 
2 
The patient is able to ascend/descend but is unable to carry walking aids, and 
needs supervision and guidance. 
 
5 
Generally no assistance is required.  At times, supervision is required for 
safety due to morning stiffness, shortness of breath, etc. 
 
8 
The patient is able to go up and down a flight of stairs safely without help or 
supervision. The patient is able to use hand rails, cane, or crutches when 








 0 – 24 Total 
25 – 49 Severe 
50 – 74 Moderate 
75 – 90 Mild 
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Appendix 2. Formula System for Charlson Co-Morbidity Index Score 
 
 
The Charlson Co-Morbidity Index (CCMI) contains 19 categories of co-morbidity. 
Each category has an associated weight which is based on the adjusted risk of one-
year mortality. The overall CCMI score is the sum of the weighted scores and it 
reflects the cumulative disease burden: the higher the score, the greater the burden of 
co-morbidity.  
 







The minimum and maximum score for CCMI is zero and 35 respectively. For this 
study, the conditions ‘diabetes’ and ‘diabetes with end organ damage” was collapsed 
into one category but with the original Charlson weights retained. This was similarly 
done for liver disease and tumour. The following below presents the above data in 
alphabetical order and with the collapsed categories. 





Co-Morbidity Charlson Weights 
  
AIDS  No = 0, Yes = 6 
Connective tissue disease No = 0, Yes = 1 
Cerebrovascular disease  No = 0, Yes = 1 
Chronic pulmonary disease No = 0, Yes = 1 
Congestive heart failure No = 0, Yes = 1 
Dementia No = 0, Yes = 1 
Diabetes Mellitus* • No = 0 
• Without end organ damage = 1 
• With end organ damage = 2 
Hemiplegia No = 0, Yes = 2 
Leukemia No = 0, Yes = 2 
Liver Disease* • No = 0 
• Mild = 1 
• Moderate or severe = 3 
Lymphoma No = 0, Yes = 2 
Myocardial infarct No = 0, Yes = 1 
Ulcer disease  No = 0, Yes = 1 
Peripheral vascular disease No = 0, Yes = 1 
Renal disease • No or mild = 0 
• Moderate or severe = 3 
Solid tumour* • No = 0 
• Yes (non-metastatic) = 2 
• Yes (metastatic) = 6 
 
* Coded as separate variables in original CCMI.  
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Appendix 3.  Data Collection Form 
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